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This  r e p o r t  i s  submi t t ed  t o  NASA, t h e  Miss ion A n a l y s i s  D i v i s i o n  of OART, 
a s  p a r t  of t h e  f i n a l  r e p o r t i n g  on C o n t r a c t  NAS 2-5022, Optimized Cost /Per-  
formance Design Methodology of O r b i t a l  T r a n s p o r t a t i o n  Systems. Th is  twelve 
month s t u d y  w a s  i n i t i a t e d  i n  J u l y  1968 and was performed i n  two g e n e r a l  
p h a s e s :  a  d a t a  review and a n a l y s i s  phase  and a  system e v a l u a t i o n  phase .  The 
r e p o r t i n g  of t h e  s t u d y  i s  organ ized  i n  t h r e e  volumes b u t  i n c l u d e s  s e v e r a l  books i n  
Volumes 2  and 3 .  Volume 1 is  a  s h o r t  summary of t h e  complete  s t u d y ,  Volume 2 
covers  t h e  phase 1 d a t a  review and a n a l y s i s ,  and Volume 3 c o v e r s  t h e  phase  2  
system e v a l u a t i o n .  The Study Manager was L. M .  McKay; t h e  major  Task Leaders  
were P .  T. G e n t l e ,  V .  E .  Henderson,  L. E .  Smith,  and A. D .  Trautman. The NASA 
T e c h n i c a l  Monitor was C .  D .  H a v i l l .  
I 
MCDONMELL DOUGLAS ASTRONAUTICS COMPANY 
EASTERN BIWISIOICI 
VOLUME 11 OPTIMIZED COSThPERFORMANCE 
REPORT NO. ~ 9 7 5  
BOOK 2 DESIGN METHODOLOGY 15 APRIL 1969 
ABSTRACT 
The b road  o b j e c t i v e s  of t h i s  s t u d y  were t o  g a t h e r  h i s t o r i c a l  c o s t  and 
performance d a t a ,  o r g a n i z e  and a n a l y z e  t h e  d a t a  s o  t h a t  c o s t  e s t i m a t i n g  
r e l a t i o n s h i p s  could b e  developed,  and e v a l u a t e  s e v e r a l  sys tem c o n c e p t s  f o r  
space  l o g i s t i c s  s u p p o r t .  
The p r imary  s o u r c e  of h i s t o r i c ~ a l  c o s t  d a t a  was t h e  Gemini and S a t u r n  
Programs and c o s t  e s t i m a t i n g  r e l a t i o n s h i p s  draw e x t e n s i v e l y  on t h i s  e x p e r i e n c e  
A r ange  of r e u s e  concep t s  were e v a l u a t e d  and optimum ( l e a s t  c o s t )  concep t s  
d e f i n e d  f o r  a  v a r i e t y  of program o p t i o n s .  These i n c l u d e  v a r i a t i o n s  i n  such  
t h i n g s  a s  crew s i z e ,  ca rgo  c a p a c i t y ,  program r e q u i r e m e n t s ,  e t c .  f o r  e i t h e r  
b a l l i s t i c  o r  l i f t i n g  body (M2-F2) e n t r y  v e h i c l e s .  
I I  
MCDONNELL DOUGLAS ASTROIVAUT#CS COMPANY 
EASTERN DlVlSION 
VOLUME I1 
BOOK 2 
OPTIMIZED COSTAPERFORMANCE 
DESIGN METHODOLOGY 
S e c t i o n  1 INTRODUCTION 
S e c t i o n  2  SUMMARY 
TABLE OF CONTENTS 
S e c t i o n  3  GROUND RULES AND ASSUMPTIONS 
S e c t i o n  4  DEVELOPMENT PLANS AND SCHEDULES 
4 . 1  Gemini and S-IVB Subsystem Development 
4 .2  Gemini System Development 
4 . 3  Upper S tage  P r o p u l s i o n  System Development 
4.4 B a s e l i n e  P lans  and Schedules 
S e c t i o n  5  OPERATIONS AND SUPPORT 
5 . 1  Pre launch  and Launch Opera t ion  
5 .2  On-Orbit  Opera t ions  
5 . 3  Recovery S i t e  S e l e c t i o n  
5.4 Recovery Forces  and Cos t s  
5 . 5  R e c e r t i f i c a t i o n  o r  Refurbishment 
5 .6  Turn-Around Time 
S e c t i o n  6 SUPPORT EQUIPMENT 
6 . 1  AGE 
6 .2  F a c i l i t i e s  
REFERENCES 
REPORT NO. G975 
15 APRIL 1969 
... 
I l l  
MCDONNELL DOUGLAS ASTRONAUTRCS COMPANY 
EASTERN DIVRSRON 
VOLUME I1 
BOOK 2 
OPTIMIZED COSTAPERFORMANCE 
DESIGN METHODOLOGY 
LIST OF FIGURES 
Study Task Flow 
Gemini Subsys tems 
Gemini ( F i n a l )  
S-IVB Development 
OCPDM-Subsystem Development 
OCPDM-Development Mi les  t o n e s  
OCPDM-Flight T e s t  Development Schedule 
( a )  I n d u s t r i a l  Area A c t i v i t i e s ,  (b) Radar C a l i b r a t i o n  and 
Pyro Buildup, ( c )  On Pad Assembly A c t i v i t i e s ,  (d)  On Pad 
T e s t i n g  A c t i v i t i e s  
Countdown and Misce l l aneous  A c t i v i t i e s  
Launch Vehic le  Launch Opera t ions  Costs  
Support  A c t i v i t i e s  
Maintenance 
Recovery Cost Comparisons 
Pre launch  Flow Time 
R E P O R T  NO. G975 
15 A P R I L  1969 
i v 
IMGDONAIELL DOUGLAS AiSiTROWAi iS i"G5 COIMCgkNPIV 
EASTERN DlVPSlON 
VOLUME I1 
BOOK 2 
OPTIMIZED COSTAPERFORMANCE 
DESIGN METHODOLOGY 
LIST OF TABLES 
Reuse Category Summary 
Gemini T e s t  A r t i c l e s  - B o i l e r p l a t e  
Gemini T e s t  A r t i c l e s  - S t a t i c  Reen t ry  Vehic le  
Gemini T e s t  A r t i c l e s  - S t a t i c  Adapter  Vehic les  
Gemini T e s t  A r t i c l e s  - Misce l laneous  T e s t  Vehic les  
Hardware Requirements  
Subsystem Development Time 
Development Program Time 
A c t u a l  Gemini Opera t ions  and Support  Cos t s  
Adjusted Gemini O p e r a t i o n s  and Support  Cos t s  
Recovery S i t e  Cos t s  
S i t e  Cost Breakdown 
Water Recovery Cos t s  
T y p i c a l  Recovery Cos t s  
Refurbishment and Unscheduled Spares  
D i r e c t  Refurbishment  Manhours 
REPORT NO. G975 
15 APRIL 1969 
MCDONNELL DOUGLAS ASTRONAUTICS COMPANY 
EASTERN DIVISION 
VOLUME I1 
BOOK 2 
OPTIMIZED COST/;PERFORMANCE REPORT NO. G975 
DESIGN METHODOLOGY 15 APRIL 1969 
1. INTRODUCTION - The purpose  of t h e  Optimized Cost /Performance Design 
Methodology s t u d y  was t o  p r o v i d e  a method of u s i n g  c o s t  as a  b a s i c  d e s i g n  
paramete r  i n  i d e n t i f y i n g  and d e f i n i n g  more economical  s p a c e  t r a n s p o r t a t i o n  
sys tems.  T h i s  s t u d y  was performed i n  s i x  t a s k s  a s  shown i n  F i g u r e  1-1. Task 1 
invo lved  deve lop ing  t h e  c o s t  d a t a ,  o r g a n i z i n g  t h e  d a t a  by c a t e g o r i e s ,  and 
deve lop ing  c o s t  e s t i m a t i n g  r e l a t i o n s h i p s .  Tasks 2 and 3 developed t h e  r e q u i r e -  
ments and t h e  p h y s i c a l  and f u n c t i o n a l  c h a r a c t e r i s t i c s  of t h e  a l t e r n a t e  s p a c e c r a f t  
subsystems and o p e r a t i o n s .  An a n a l y t i c a l  c o s t  model was fo rmula ted  i n  Task 4 .  
Task 5 developed t h e  l o g i c ,  d a t a ,  and methods f o r  s y s t e m a t i c a l l y  v a r y i n g  t h e  
d e s i g n  and o p e r a t i o n a l  s p e c i f i c a t i o n s  o f  each v e h i c l e  c o n f i g u r a t i o n .  Task 6 
t o o k  a l l  t h e  d a t a  and t o o l s  developed i n  t h e  o t h e r  t a s k s  and t h e n  de te rmined  
t h e  economical ly  optimum d e s i g n  and o p e r a t i o n a l  p h i l o s o p h i e s ,  s e n s i t i v i t i e s  
t o  program s i z e ,  l aunch  r a t e ,  and payload s i z e  - t h e  problem a r e a s  - and 
technology l i m i t a t i o n s .  
Th i s  book r e p o r t s  on t h e  work accomplished i n  Task 3 .  The o b j e c t i v e s  of 
t h i s  t a s k  were t o :  
1. Define  t h e  development p l a n s  and s c h e d u l e s  f o r  t h e  two space-  
c r a f t  t y p e s ,  by subsystem and v e h i c l e  sys tem a s  a  f u n c t i o n  of 
t h e  degree  of r e u s e a b i l i t y ,  and t h e  amount of i n t e g r a l  p r o p u l s i o n .  
2 .  Def ine  t h e  o p e r a t i o n a l  c o s t s  i n  manhours, d o l l a r s ,  o r  o t h e r  
r e s o u r c e s  f o r  t h e  o p e r a t i o n a l  a c t i v i t i e s  from pre- launch 
through launch ,  o n - o r b i t  o p e r a t i o n s ,  d e o r b i t ,  r ecovery ,  and 
r e c e r t i f i c a t i o n  f o r  each  of t h e  v e h i c l e s .  
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2.  SUMMARY - T h i s  book documents t h e  e f f o r t s  and r e s u l t s  of Task 3 ,  
Program Data Review A c t i v i t i e s  and Ana lys i s .  The two major s u b t a s k s  were  
development p l a n s  and s c h e d u l e s  (Sec t ion  4 )  and t h e  o p e r a t i o n a l  e f f e c t s  upon 
c o s t s  ( S e c t i o n  5 ) .  I n  each  c a t e g o r y ,  a b a s e l i n e  v a l u e  was determined f o r  
one p a r t i c u l a r  c o n f i g u r a t i o n .  The changes because  of requ i rements  of t h e  
o t h e r  c o n f i g u r a t i o n s  were  t h e n  documented as i n c r e m e n t a l  i n c r e a s e s  o r  changes 
t o  t h e  b a s e l i n e  v a l u e s .  
The Gemini and S a t u r n  S-IVB programs were used as t h e  h i s t o r i c a l  background 
from which t h e  b a s e l i n e  development p l a n  and s c h e d u l e s  were developed.  How- 
e v e r ,  each of t h e s e  two programs had unique q u a l i t i e s  which were cons idered  i n  
deve lop ing  t h e  b a s e l i n e s .  For example, t h e  i n i t i a l  concept  of Gemini e n v i s i o n e d  
u s i n g  a parawing g l i d i n g  recovery  system f o r  l a n d  l a n d i n g .  The d e s i g n  evolved 
around t h i s  concept .  The s t r u c t u r e  was des igned  f o r  l a r g e  l a t e r a l  po in t - loads  
from a l a n d i n g  s k i d  sys tem;  wa te r  recovery  was a n  a b o r t  mode on ly .  
However, development snags  and d e l a y s  i n  t h e  parawing system f o r c e d  a 
r e d e s i g n  t o  wa te r  l a n d i n g  w i t h  conven t iona l  r i n g s a i l  pa rachu tes  f o r  t h e  t e r m i n a l  
l a n d i n g  system. 
The r e s u l t i n g  changes  i n  t h e  schedu le  and t h e  development p l a n  made t h e  
t ime  and hardware q u a n t i t i e s  g r e a t e r  t h a n  would have been r e q u i r e d  i f  t h e  
f i n a l  concept  had been t h e  o n l y  one c o n s i d e r e d .  Such e f f e c t s  were c o n s i d e r e d  
i n  a r r i v i n g  a t  a b a s e l i n e  v a l u e  of 35 months f o r  subsystem development and of 
45 months f o r  complet ion of a f i v e - f l i g h t  t e s t  program f o r  a b a l l i s t i c ,  
modular ,  a l l - e x p e n d a b l e  v e h i c l e  ( c o n f i g u r a t i o n  I A ) .  
A s i m i l a r  M2-F2 v e h i c l e  would r e q u i r e  two months more f o r  subsystem 
development.  It would a l s o  r e q u i r e  from e i g h t  t o  t e n  months l o n g e r  f o r  f l i g h t  
t e s t  program complet ion.  Adding i n t e g r a l  upper s t a g e  p r o p u l s i o n  w i l l  i n c r e a s e  
hardware requ i rements  and development t ime .  The t ime increment f o r  t h e  
i n t e g r a l  p r o p u l s i o n  i s  n i n e  months f o r  subsystem development f o r  t h e  b a l l i s t i c  
v e h i c l e  and t e n  months f o r  t h e  M2-F2 v e h i c l e .  Completion of a f i v e - f l i g h t  
t e s t  program f o r  t h e  v e h i c l e s  would t a k e  64 months o r  from 7 3  t o  75 months,  
r e s p e c t i v e l y .  
O p e r a t i o n a l  a s p e c t s  cons idered  were launch o p e r a t i o n s  and s u p p o r t ,  m i s s i o n  
o p e r a t i o n s ,  AGE and f a c i l i t i e s  maintenance,  r ecovery  s i t e  l o c a t i o n  and r e c o v e r y  
c o s t s ,  and r e c e r t i f i c a t i o n  o r  re fu rb i shment .  The l aunch  o p e r a t i o n s ,  l a u n c h  
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s u p p o r t ,  and m i s s i o n  o p e r a t i o n s  a c t i v i t e s  were  d e f i n e d  by manhours f o r  each l aunch  
a s  a f u n c t i o n  of v e h i c l e  c o n f i g u r a t i o n  and s i z e ,  o p e r a t i o n s  ph i losophy ,  and s i z e  of 
t h e  t o t a l  program (number of l aunches  o r  l e a r n i n g ) .  Recovery s i t e  a n a l y s i s  involved 
t h e  s t a t i s t i c a l  p r o b a b i l i t y  o f  r e t u r n  t o  s p e c i f i e d  l o c a t i o n s .  
Because r e c e r t i f i c a t i o n  i s  c o n t r o v e r s i a l  w i t h  no e x p e r i e n c e  t o  s e r v e  a s  a  b a s i s  
f o r  e s t i m a t i n g ,  t h i s  a n a l y s i s  assumes a  middle-of-the-road p o s i t i o n  (compared w i t h  
p r e v i o u s  s t u d i e s )  f o r  b o t h  t h e  manhours, m a t e r i a l  c o s t s ,  and f low t ime  f o r  each con- 
f i g u r a t i o n .  The a n a l y s i s  cons idered  s i z e ,  c o n f i g u r a t i o n ,  and ph i losophy  i n  d e t e r -  
mining e q u a t i o n s  f o r  e s t i m a t i n g  t h e  c o s t  of each c y c l e  and t h e  s e l e c t e d  l e a r n i n g  
rates. The i n i t i a l  b a s e l i n e  v a l u e  i s  about  f o u r  months; t h i s  i s  reduced t o  a b o u t  
two months a t  t h e  f i f t i e t h  u n i t  through t h e  c y c l e .  
I n v e s t i g a t i o n  of AGE and f a c i l i t i e s  was l i m i t e d  by t h e  t i m e  and manpower a v a i l -  
a b l e .  Major e f f o r t  was devoted t o  e v a l u a t i n g  t h e  e f f e c t s  of on-board checkout  on 
equipment and f a c i l i t i e s  and upon t e s t i n g  t ime  d u r i n g  l aunch  o p e r a t i o n s  and 
r e c e r t i f i c a t i o n .  
A s  p a r t  of t h e  a n a l y s e s  of Task 6 ,  a  spectrum of r e u s e  and i n t e g r a l  l aunch  
concep t s  were d e f i n e d  f o r  t o t a l  sys tem e v a l u a t i o n .  The p r o g r e s s i o n  of t h e  r e u s e  
c a t e g o r i e s  from f u l l y  expendable  t o  f u l l y  r e u s a b l e ,  as shown i n  Tab le  2-1, a p p l y  t o  
b o t h  t h e  b a l l i s t i c  (Conf igura t ion  I) and t h e  l i f t i n g  body (Conf igura t ion  11) con- 
f i g u r a t i o n s .  For t h e  b a l l i s t i c  v e h i c l e ,  a  60 deg.  cone a n g l e  was used f o r  c a t e -  
g o r i e s  A and B ,  40 deg cone a n g l e  f o r  t h e  o t h e r  c a t e g o r i e s .  For t h e  l i f t i n g  body 
c o n f i g u r a t i o n ,  t h e  NASA M2-F2 shape  was used.  The b o o s t e r s  were t r e a t e d  para-  
m e t r i c a l l y .  Table  2-1 
Reuse Category Summary 
Maneuver P r o p u l s i o n /  
Cargo Nodule 
Upper S t a g e  Engines  
Upper S t a g e  Tanks 
E - Expendable R - Reusable  D I n t e g r a l  
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The f o l l o w i n g  s e c t i o n s  d i s c u s s  ground r u l e s  and assumptions  ( S e c t i o n  3 ) ,  
development p l a n s  and s c h e d u l e s  ( S e c t i o n  4 ) ,  o p e r a t i o n s  and s u p p o r t  ( S e c t i o n  5 ) ,  
and s u p p o r t  equipment ( S e c t i o n  6 ) .  Wi th in  t h e  o p e r a t i o n s  and s u p p o r t  s e c t i o n  i s  
d i s c u s s e d  p re launch  and l aunch  o p e r a t i o n s ,  o n - o r b i t  o p e r a t i o n s ,  r ecovery  s i t e  
s e l e c t i o n ,  r e c o v e r y  f o r c e s  and c o s t s ,  r e c e r t i f i c a t i o n ,  and turn-around t ime. 
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3 .  GROUND RULES AND ASSUMPTIONS - I n  e x e c u t i n g  t h e  a n a l y s e s  d i s c u s s e d ,  
ground r u l e s  were e s t a b l i s h e d  and assumptions  were made t o  bound t h e  scope  of 
t h e  a n a l y s e s  f o r  t h e  t ime  and manpower a v a i l a b l e .  The g u i d e l i n e s  fo l lowed  o r  
ground r u l e s  assumed a r e  a s  f o l l o w s :  
1. H i s t o r i c a l  Gemini and S a t u r n  S-IVB d a t a  r e p r e s e n t  t h e  t r e n d s  
t o  b e  expected i n  f u t u r e  s p a c e c r a f t  programs. 
2 .  The a c t u a l  Gemini and S a t u r n  S-IVB development h i s t o r y  can  
be used t o  f o r m u l a t e  r e a l i s t i c  development p l a n s  f o r  new space-  
c r a f t  sys tems .  
3 .  Where t h e r e  i s  no h i s t o r i c a l  d a t a  a v a i l a b l e ,  r e c e n t  s t u d i e s  
w i l l  s e r v e  a s  t h e  d a t a  b a s e .  
4 .  The S a t u r n  S-IVB development h i s t o r y  is  r e p r e s e n t a t i v e  of t h e  
development r e q u i r e d  f o r  a s p a c e c r a f t  having i n t e g r a l  upper 
s t a g e  p r o p u l s i o n .  
5 .  The nominal w a i t  t ime i n  o r b i t  p r i o r  t o  r e t u r n  w i l l  be  a 
maximum of 24 hours .  
6 .  The s p a c e c r a f t  w i l l  be  i n  a  q u i e s c e n t  s t o r a g e  mode w h i l e  
docked t o  t h e  s p a c e  s t a t i o n ;  i t  w i l l  draw a l l  of i t s  s u p p o r t  
power and g a s e s  from t h e  space  s t a t i o n .  
7 .  The e x a c t  composi t ion of any g iven  subsystem h a s  l i t t l e  e f f e c t  
upon t h e  t o t a l  development t ime f o r  q u a l i f i c a t i o n  of a l l  
subsystems. 
8. The h i s t o r i c a l  development s c h e d u l e  of t h e  5-2 eng ine  i s  r e p r e s e n t a -  
t i v e  of a n  i h t e g r a l  upper s t a g e  p r o p u l s i o n  system eng ine  schedu le .  
9. A l l  b a s e l i n e  subsystem concep ts  u t i l i z e  e x i s t i n g  t echnology .  
No technology advancement i s  r e q u i r e d .  
1 0 .  V e r t i c a l  o r  h o r i z o n t a l  l a n d  l and ing  technology i s  developed 
by o t h e r  p receed ing  programs. 
11. The development program i s  d e f i n e d  t o  i n c l u d e  t h e  f i r s t  f i v e  
f l i g h t s  - unmanned and manned combined. 
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1 2 .  The l a t e r a l  range (or  cross-range) c a p a b i l i t y  (-30) of the  
b a l l i s t i c  v e h i c l e  w i l l  be  150 na m i ,  and of t he  M2-F2, 600 na m i .  
13. The s tudy w i l l  consider  only 300 na m i  o r b i t s  i n c l i n e d  a t  
50 deg, 70 deg, and 90 deg. 
14.  Recovery s i t e s  w i l l  be e x i s t i n g  s i t e s  wi th in  t h e  c o n t i n e n t a l  
U.  S. un l e s s  a  new, i d e a l l y  l oca t ed  s i t e  is  s p e c i f i e d .  
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4. DEVELOPMENT PLANS AND SCHEDULES - Based upon t h e  McDonnell Douglas 
exper ience  w i t h  t h e  Gemini and S a t u r n  S-IVB programs, a b a s e l i n e  development 
p l a n  and schedu le  was p repared .  T h i s  i n d i c a t e d  t h a t  a  b a l l i s t i c  v e h i c l e ,  
e i t h e r  expendable  o r  r e u s a b l e  ( C o n f i g u r a t i o n s  IA, IB,  o r  I C ) ,  could  be 
developed and f l i g h t  q u a l i f i e d  i n  45 months from go-ahead through complet ion 
of t h e  f i f t h  f l i g h t .  The subsystems could  be developed w i t h i n  35 months. 
The comparable M2-F2 v e h i c l e  would r e q u i r e  two months l o n g e r  f o r  subsystem 
development and up t o  e i g h t  months l o n g e r  f o r  v e h i c l e  development and q u a l i f i -  
c a t  i o n .  
The i n c l u s i o n  of upper  s t a g e  p r o p u l s i o n  w i t h i n  t h e  s p a c e c r a f t  s t r e t c h e s  
t h e  development p l a n  and s c h e d u l e  by i n c l u d i n g  t h e  p a r a l l e l  development e f f o r t  
of t h e  upper s t a g e  sys tems.  Thus, t h e  b a s e l i n e  development t ime  i s  i n c r e a s e d  
t o  54 months f o r  t h e  subsystems of t h e  b a l l i s t i c  v e h i c l e  o r  t o  57 months f o r  
t h e  M2-F2 v e h i c l e s .  T h i s  a l s o  l e a d s  t o  a  q u a l i f i e d  f l i g h t  v e h i c l e  ( f i v e  
f l i g h t s )  i n  s i x t y - f o u r  months ( b a l l i s t i c )  o r  up t o  s e v e n t y - t h r e e  months (M2-F2) 
Major development hardware requ i rements  f o r  each  schedu le  were d e f i n e d .  
The b a s e l i n e  schedu le  f o r  c o n f i g u r a t i o n s  I A ,  I B ,  I IA,  and I I B  r e q u i r e d  f i v e  
b o i l e r p l a t e  v e h i c l e s ,  t h r e e  s t a t i c  t e s t  e n t r y  v e h i c l e s ,  t h r e e  t e s t  a d a p t e r s ,  
a  the rmal  q u a l i f i c a t i o n  v e h i c l e ,  and e l e v e n  mock-ups o r  test a r t i c l e s .  The 
a d d i t i o n a l  hardware t o  complete  t h e  t e s t  and q u a l i f i c a t i o n  program f o r  t h e  
o t h e r  c o n f i g u r a t i o n s  was t r e a t e d  a s  a  p e r t u r b a t i o n  o f  t h i s  b a s e l i n e .  
4 . 1  Gemini and S-IVB Subsystem Development - The Gemini program made 
e x t e n s i v e  u s e  of s u b c o n t r a c t s ,  bu t  had l i t t l e  government f u r n i s h e d  equipment 
(GFE). I n  c o n t r a s t ,  t h e  b u l k  o f  t h e  S-IVB system was e i t h e r  done in-house 
o r  was GFE ( i . e .  t h e  e n g i n e s  and v a l v e s ) .  The a v a i l a b l e  S-IVB d a t a  has  
l i m i t e d  a p p l i c a t i o n  t o  t h i s  p a r t i c u l a r  a n a l y s i s ,  and t h e  remaining d i s c u s s i o n  
w i l l  c o n c e n t r a t e  upon t h e  h i s t o r y  of t h e  Gemini subsystem development which 
i s  shown i n  F igure  4-1. 
Within  f i v e  months a f t e r  go-ahead, a l l  s u b c o n t r a c t s  f o r  major 
subsystems had been p laced  excep t  t h o s e  f o r  p r o p u l s i v e  d e v i c e s .  T h i s  l a s t  
subsystem was c o n t r a c t e d  e i g h t  months a f t e r  go-ahead. I n  F i g u r e  4-1, t h e  
s t r u c t u r e  h a s  been inc luded  f o r  comple teness ,a l though  i t  was done by McDonnell 
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and i t  was d i f f i c u l t  t o  s e p a r a t e  s t r u c t u r a l  development from t h e  i n t e g r a t i o n  
t a s k .  The r e l a t i o n s h i p  between development and q u a l i f i c a t i o n  f o r  t h e  
s t r u c t u r a l  subsystem i s  shown more c l e a r l y  i n  s e c t i o n  4-2. 
The c r i t i c a l  pac ing  i t e m s  i n  t h e  Gemini program were p r o p u l s i o n ,  
rendezvous r a d a r ,  and t h e  l a n d i n g  system. Each had unique problems which were 
more a  r e s u l t  of t h e  advanced technology involved t h a n  i n  t h e  subsystem o r  
s u b c o n t r a c t o r  d e f i c i e n c i e s .  The b e s t  known problems were i n  t h e  l a n d  l a n d i n g  
system which had t o  be comple te ly  redes igned  f o r  w a t e r  l a n d i n g s  when weight  
and s c h e d u l e  s l i p p a g e  f o r c e d  a  r e d i r e c t i o n  of t h e  program. A s  a  r e s u l t ,  t h e  
l a n d i n g  system r e q u i r e d  a lmost  4 1  months t o  r e a c h  q u a l i f i c a t i o n .  Development 
cou ld  have been c o n s i d e r a b l y  s h o r t e r  i f  i t  had s t a r t e d  w i t h  t h e  f i n a l  d e s i g n  
concep t .  
4 .2  Gemini System Development - The Gemini system development fol lowed 
t h e  p a t t e r n  t h a t  evolved d u r i n g  t h e  Mercury program. Much of t h e  development 
and t e s t  phi losophy r e s u l t e d  from t h e  NASA and McDonnell e x p e r i e n c e s  d u r i n g  
t h a t  program. The f i r s t  l i s t i n g  of t e s t s  and t e s t  a r t i c l e s  was p u b l i s h e d  
about  s i x  weeks a f t e r  go-ahead. T h i s  l i s t  was c o n t i n u a l l y  updated a s  t h e  
r e q u i r e m e n t s  were b e t t e r  unders tood ,  Also ,  t h e  impact o f  budge ta ry  r e s t r i c -  
t i o n s  w a s  no ted  by t h e  changes i n  hardware r e q u i r e m e n t s ,  and by schedu le  
s l i p p a g e s  w i t h  ass ignment  of in -p rocess  hardware.  For t h e  p a r a g l i d e r ,  how- 
e v e r ,  t h e  s l i p p a g e  f o r c e d  r e d e s i g n  t o  u t i l i z e  c o n v e n t i o n a l  p a r a c h u t e s  w i t h  
a t t e n d a n t  changes t o  t e s t  hardware and system development s c h e d u l e s .  
4 . 2 . 1  Background and H i s t o r y  - A f t e r  a  l e t t e r  of i n t e n t  was r e c e i v e d  
i n  mid-December 1961, e f f o r t  was s t epped  up on deve lop ing  t h e  t e s t  p l a n  and 
development schedu les .  The i n i t i a l  document,published n e a r  t h e  end of J a n u a r y ,  
1962,  c a l l e d  f o r  s i x  b o i l e r p l a t e s ,  seven s t a t i c  t e s t  v e h i c l e s ,  f o u r  s t a t i c  
a d a p t e r s ,  and s i x  major t e s t  a r t i c l e s .  
I n  t h e  f a l l  of  1962,  NASA budge ta ry  problems f o r c e d  economies which 
caused two of t h e  s t a t i c  t e s t  v e h i c l e s  t o  be  c a n c e l l e d .  Also,  as t h e  para-  
g l i d e r  program s l i p p e d  f u r t h e r ,  t h e  f l i g h t  q u a l i t y  a i r f r a m e  produced t o  
suppor t  t h e  q u a l i f i c a t i o n  of t h e  p a r a g l i d e r  was d i v e r t e d  t o  t h e  p r o d u c t i o n  
a i r f r a m e  l i n e .  T h i s  s t a t i c  t e s t  a r t i c l e  w a s  r e p l a c e d  by a  delayed p r o d u c t i o n  
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a i r f r a m e ,  and was subsequen t ly  used a s  a  crew a c c e s s  and recovery  t e s t  
v e h i c l e  - a t e s t  a r t i c l e  r a t h e r  t h a n  a  s t a t i c t e s t  v e h i c l e .  The p a r a g l i d e r  
problems a l s o  r e s u l t e d  i n  d e l e t i o n  o f  one b o i l e r p l a t e  v e h i c l e .  
The b a l a n c e  of t h e  planned t e s t  program was accomplished g e n e r a l l y  as 
o r i g i n a l l y  conceived.  Some tests r e q u i r e d  g r e a t e r  e f f o r t  t h a n  f i r s t  e s t i m a t e d ,  
and o t h e r s  were completed i n  l e s s  t i m e .  By c a r e f u l  s c h e d u l e  p l a n n i n g  and 
con t inuous  u p d a t i n g ,  by p r i o r i t y  ass ignment ,  and by c o n t r o l  of l a b o r a t o r y  
s t a f f i n g  l e v e l s ,  t h e  j o b  was completed e s s e n t i a l l y  on schedu le  i n  s p i t e  of 
d e l a y s  and fund ing  r e s t r i c t i o n s .  
For t h i s  o v e r a l l  test  p l a n  and schedu le ,  about  850 s e p a r a t e  t e s t  
r e q u e s t s  were w r i t t e n  t o  d e f i n e  s p e c i f i c  t e s t s  on t h e  major t e s t  hardware and 
many of t h e  smal l  specimens o r  samples.  Although a l l  o f  t h e s e  were  n o t  e x e c u t e d ,  
abou t  750 s e p a r a t e  test r e q u e s t s  were completed. The i n i t i a l  t e s t  s c h e d u l e s  
were g e n e r a l ,  c o n s i s t i n g  o f  two pages .  A s  t h e  test  program became b e t t e r  
d e f i n e d ,  t h e  t e s t  s c h e d u l e  grew t o  about  1 4  pages  w i t h  i n c r e a s e d  d e t a i l  and 
s t a t u s  i n f o r m a t i o n .  S e v e r a l  of t h e  t e s t  a r t i c l e s  se rved  d u a l  purposes ,  such 
as t e s t  of t h e  sys tem and a s  a  t r a i n i n g  a i d  f o r  test p e r s o n n e l  i n  t h e  
p rocedures  f o r  p r o d u c t i o n  (SST) t e s t .  These were a l s o  u t i l i z e d  t o  t r o u b l e -  
shoo t  problems d u r i n g  t h e  l a t e r  p o r t i o n  of t h e  f l i g h t  program. 
4 .2 .2  Major T e s t  Hardware - The major t e s t  hardware ( t h e  b o i l e r p l a t e s ,  
t h e  s t a t i c  test v e h i c l e s ,  t h e  t e s t  a r t i c l e s ,  and t h e  mock-ups) q u a n t i t i e s  o f  
t h e  Gemini program were t h e  b a s e  f o r  t h e  hardware  requ i rements  used i n  t h i s  
s t u d y .  T a b l e s  4-1 th rough  4-4 l i s t  t h e s e  planned Gemini a r t i c l e s  i n d i v i d u a l l y  
w i t h  a  b r i e f  d e s c r i p t i o n  o f  exper ienced  usage.  
The most e x p e n s i v e  t e s t i n g  o f  t h e  Gemini program was t h e  Thermal 
Q u a l i f i c a t i o n  t e s t i n g  performed on t h e  t e s t  a r t i c l e  i d e n t i f i e d  a s  S/C 38. 
T h i s  was used t o  s i m u l a t e  m i s s i o n s  i n  t h e  t e s t  chambers. The v e h i c l e  had 
t o  be  f l i g h t  q u a l i t y  a l t h o u g h  i t  would never  be  f lown,  and was p robab ly  
s u b j e c t e d  t o  more t e s t i n g  t h a n  any o t h e r  p i e c e  o f  t e s t  hardware.  
The E l e c t r o n i c  Systems T e s t  Uni t  (ESTU) was l i t t l e  more t h a n  a mock-up 
s t r u c t u r a l l y ,  a l t h o u g h  e l e c t r o n i c a l l y  i t  was a  f l i g h t  q u a l i t y  system. I ts  
purpose  was t o  h e l p  i d e n t i f y  component i n c o m p a t i b i l i t y  and t o  h e l p  minimize 
e l e c t r o m o t i v e  i n t e r f e r e n c e  between t h e  many e l e c t r i c a l  and e l e c t r o n i c  component-. 
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The C o m p a t i b i l i t y  T e s t  Uni t  (CTU) cont inued t h e  c o m p a t i b i l i t y  i n v e s t -  
i g a t i o n s  t o  encompass t h e  e n t i r e  o p e r a t i n g  spectrum and t h e  p h y s i c a l  l o c a t i o n  
of a l l  components. It a l s o  se rved  a s  t h e  t e s t  a r t i c l e  t o  e n s u r e  t h a t  t h e  AGE 
and t h e  l aunch  u m b i l i c a l  tower were f u n c t i o n a l l y  compat ib le ,  and f u r t h e r  
f u n c t i o n e d  as t h e  t r a i n i n g  v e h i c l e  b o t h  a t  t h e  f a c t o r y  and a t  t h e  launch s i t e .  
Because t h e r e  was much concern about  t h e  h a t c h  s e a l s ,  specimen h a t c h  
\ 
t e s t s  were conducted u s i n g  t h e  specimen h a t c h  t e s t  a r t i c l e s .  The t e s t  r e s u l t s  
d i d  much t o  s a t i s f y  t h a t  t h e  s e a l s  were adequa te  and t h a t  t h e  l e a k a g e  
r a t e  was n o t  e x c e s s i v e .  It a l s o  se rved  a s  a  t o o l  i n  deve lop ing  h a t c h  r i g g i n g  
procedure .  
4 . 2 . 3  P l a n s  and Schedules  - Due t o  t h e  budgetary  r e s t r i c t i o n s  and t h e  
schedu le  s l i p p a g e s ,  t h e  a c t u a l  schedu les  and t h e  t e s t  hardware t o  suppor t  
them were l e s s  t h a n  o r i g i n a l l y  planned.  The a c t u a l  t e s t  program u t i l i z e d  f i v e  
b o i l e r p l a t e s  (one a d d i t i o n a l  was b u i l t  bu t  n o t  u s e d ) ,  f o u r  s t a t i c  t e s t  v e h i c l e s ,  
and s i x  t e s t  a r t i c l e s .  The most s i g n i f i c a n t  change was t h e  e l imin-  
a t i o n  of t h r e e  s t a t i c  t e s t  v e h i c l e s .  Some t e s t s  were d e l e t e d  w i t h  t h e  s a i l w i n g  
c a n c e l l a t i o n ,  -but  most t e s t i n g  was accomplished by more e x t e n s i v e  u t i l i z a t i o n  
of each s t a t i c  v e h i c l e .  Also,  one of t h e  t e s t  a r t i c l e s  was much t o o  e l a b o r a t e  
f o r  t h e  usage  it r e c e i v e d ,  and was more l i k e  a  s t a t i c  t e s t  v e h i c l e  t h a n  
a  t e s t  a r t i c l e .  
The f i n a l  t e s t  s c h e d u l e  and development p l a n  f o r  t h e  Gemini program i s  
shown i n  F i g u r e  4 - 2 .  
4 . 3  S a t u r n  S-IVB S t a g e  Development - The S a t u r n  S-IVB s t a g e  development 
b e n e f i t e d  from t h e  development exper iences  of t h e  Thor and S a t u r n  S-IV programs. 
Th is  e x p e r i e n c e  p rov ided  t h e  management e x p e r i e n c e  s o  e s s e n t i a l  t o  t h e  
s u c c e s s f u l  complet ion of a  l aunch  v e h i c l e  s t a g e  p r o j e c t .  The S a t u r n  S-IVB i s  t h e  
t h i r d  s t a g e  of t h e  S a t u r n  V launch v e h i c l e ,  and h a s  a r e s t a r t a b l e  5-2 e n g i n e .  
The development p l a n s  and schedu les  of t h i s  s t a g e  most c l o s e l y  resemble t h e  
expec ted  development of t h e  i n t e g r a l  upper s t a g e  p r o p u l s i o n  concep t s  of t h i s  
s t u d y  . 
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4 . 3 . 1  Background and H i s t o r y  - The h i s t o r y  of t h e  S-IVB i s  c l o s e l y  
in terwoven w i t h  t h a t  of t h e  S-IV and much of t h e  t e s t i n g  performed f o r  t h e  
S-IV was d i r e c t l y  a p p l i c a b l e  t o  t h e  S-IVB. For example, t h e  d a t a  from S-IV 
hydrogen t a n k  s l o s h  t e s t s  can  b e  a p p l i e d  t o  t h e  S-IVB, e l i m i n a t i n g  t h e  need 
f o r  more l i q u i d  hydrogen t a n k  t e s t s .  Major t e s t s  were:  
a .  S t r u c t u r a l  s t a t i c  t e s t s  
b .  S t r u c t u r a l  dynamic t e s t s  
c .  Feed systems t e s t s  
d.  P r o p e l l a n t  u t i l i z a t i o n  system t e s t s  
e .  F l i g h t  c o n t r o l  system t e s t s  
f .  A u x i l i a r y  p r o p u l s i o n  o r  RCS t e s t s  
g .  E l e c t r i c a l  t e s t s  
h .  Data a c q u i s i t i o n  system t e s t s  
i. ECS t e s t s  
S i n c e  t h e  S-IVB development program was e s s e n t i a l l y  conducted comple te ly  
w i t h i n  t h e  prime c o n t r a c t o r s  o r g a n i z a t i o n ,  many of t h e s e  t e s t s  which would 
u s u a l l y  be conducted by a  major  s u b c o n t r a c t o r  were conducted by Douglas.  The 
o n l y  subsystem which could be  cons idered  a  major s u b c o n t r a c t  i s  t h e  5-2 eng ine  
which was a  GFE i tem.  An a t t e m p t  h a s  been made t o  i n c l u d e  t h e  c r i t i c a l  mi le -  
s t o n e s  o f  t h e  eng ine  development,  b u t  t h i s  was n o t  a p a r t  of t h e  b a s i c  
h i s t o r i c a l  d a t a  i n  t h i s  s t u d y .  
4 . 3 . 2  Major T e s t  Hardware - The major t e s t  hardware f o r  t h i s  program 
was n o t  a s  e x t e n s i v e  a s  t h a t  f o r  t h e  Gemini program. It c o n s i s t e d  of one 
b a t t l e s h i p  t a n k ,  t h r e e  s t a t i c  t e s t  t a n k s ,  one s t a g e  mock-up, and one 
s i m u l a t o r ,  S e v e r a l  t e s t  a r t i c l e s ,  mos t ly  of i n t e r s t a g e  and s k i r t  s t r u c t u r e ,  
t h r u s t  s t r u c t u r e ,  and mock-ups were a l s o  u t i l i z e d ,  
The b a t t l e s h i p  t a n k  i s  t h e  most impor tan t  p i e c e  of t e s t  hardware.  It 
s u p p o r t s  t h e  e x t e n s i v e  t e s t  program l e a d i n g  t o  q u a l i f i c a t i o n  of t h e  s t a g e .  
The p r imary  o b j e c t i v e  o f  t h e  b a t t l e s h i p  t e s t  program was t o  p rov ide  t h e  major  
d e s i g n  paramete rs  of t h e  p r o p u l s i o n  i n s t a l l a t i o n .  The e n g i n e  mounting,  
p r o p e l l a n t  i n l e t  l i n e s ,  b a f f l i n g ,  p r o p e l l a n t  f eed  system,  e t c . ,  were a l l  
s i m i l a r  t o  t h o s e  on t h e  s t a g e .  The second o b j e c t i v e  was t o  prove t h e  s u i t -  
a b i l i t y  of t h e  c o n t r o l  and moni to r ing  systems. 
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The t e s t  program was d i v i d e d  i n t o  two p a r t s :  f i r s t ,  co ld  f l o w  on t h e  
t e s t  s t a n d  f o r  l e a k  checks  and p r o p e l l a n t  load ing ,and , second ,  s t a t i c  t e s t  
f i r i n g s  o f  t h e  e n g i n e  t o  v e r i f y  t h e  p r o p u l s i o n  and i n t e g r a t e d  sys tems.  
E lec t romagne t ic  c o m p a t i b i l i t y  checks  o f  t h e  s t a g e - i n s t a l l e d  e l e c t r i c a l  o r  
e l e c t r o n i c  sys tems and equ ipmentwere  made d u r i n g  t h e s e  f i r i n g s .  
4 .3 .3  P l a n s  and Schedules  - The cold  f low t e s t s  on t h e  b a t t l e s h i p  t e s t  
s t a n d  began w i t h  a s e r i e s  of p r o p e l l a n t  l o a d i n g  e x e r c i s e s  and t ank  p r e s s u r i z a -  
t i o n  t e s t s  t o  q u a l i f y  t h e  s u p p o r t  f a c i l i t i e s  and t o  develop o p e r a t i o n a l  proce-  
d u r e s .  These t e s t s  were: 
a .  Leak and f u n c t i o n a l  checks  
b.  Oxid ize r  system checkout 
c .  Fue l  sys tem checkout  
d .  Cold hel ium l o a d i n g  system checkout 
e .  Gaseous hydrogen l o a d i n g  system checkout 
f .  Ambient hel ium l o a d i n g  system 
g  . Loading countdown 
A f t e r  e n g i n e  i n s t a l l a t i o n  and l e a k  check,  a  s e r i e s  of "dryi t  countdowns 
l e d  t o  a "wet" countdown which was t e r m i n a t e d  j u s t  b e f o r e  i g n i t i o n .  S a t i s f a c -  
t o r y  comple t ion  o f  t h e s e  tests  was fol lowed by l i v e  shakedown f i r i n g s .  Data  
on p r e s s u r e  d r o p s  i n  t h e  main f u e l  and o x i d i z e r  low-pressure  d u c t s  were 
o b t a i n e d  from e a r l y  b a t t l e s h i p  t e s t i n g ,  F u e l  t a n k  a n t i - v o r t e x  s c r e e n  o p e r a t i o n  
was observed d u r i n g  d e p l e t i o n  tests. S i n c e  t h e  f u e l  t a n k  o u t l e t  geometry and 
v o r t e x  s c r e e n  a r e  e s s e n t i a l l y  t h e  same a s  on t h e  S-IVY an  induced p r o p e l l a n t  
r o t a t i o n  tes t  was n o t  r e q u i r e d  f o r  t h e  S-IVB. The u s u a l  photography as proof  o f  
t h e  s u c c e s s f u l  f u n c t i o n  of a n t i - v o r t e x  s c r e e n s  was n o t  r e q u i r e d  f o r  t h e  S-IVB. 
F u e l  t a n k  p r e s s u r i z a t i o n  system t e s t s  were conducted t o  demons t ra te  
t h a t  t h e  gaseous  hydrogen b l e e d  from t h e  eng ine  could  be p r o p e r l y  r e g u l a t e d ,  
and t h a t  t h e  d i f f u s e r  a t  t h e  t a n k  i n l e t  was e f f e c t i v e .  T h i s  invo lved  t e s t s  
such a s :  (1)  s a t i s f a c t o r y  o p e r a t i o n  w i t h  l a r g e  and s m a l l  s t a r t i n g  u l l a g e s ,  
( 2 )  t r a n s i t i o n  from ground t o  eng ine  b l e e d  p r e s s u r i z a t i o n ,  ( 3 )  r e p r e s s u r i z a -  
t i o n  from s t a g e  he l ium p r e s s u r i z a t i o n  system,  and (4)  p roper  f u n c t i o n i n g  o f  
t h e  f u e l  v e n t  system. 
S i m i l a r  tests of t h e  o x i d i z e r  t a n k  p r e s s u r i z a t i o n  system were  conducted.  
The o x i d i z e r  t a n k  i s  p r e s s u r i z e d  from t h e  s t a g e  hel ium p r e s s u r i z a t i o n  system. 
Engine s t a r t  t e s t s  e s t a b l i s h e d  t h e  s t a r t  p rocedure  and q u a l i f i e d  it f o r  
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o p e r a t i o n a l  use .  They a l s o  e s t a b l i s h e d  p r o p e l l a n t  and p r e s s u r a n t  gas  
consumption. P r e s s u r e  s u r g e s  (water  hammer e f f e c t )  i n  t h e  p r o p e l l a n t  f eed  
system when t h e  main c o n t r o l  v a l v e s  were c l o s e d  were a l s o  i n v e s t i g a t e d .  Since  
t h e  s t a g e  u t i l i z e d  a  command c o n t r o l  cu t -o f f  r a t h e r  t h a n  d e p l e t i o n  c u t - o f f ,  
t h i s  c o n d i t i o n  was a  c r i t i c a l  d e s i g n  s i t u a t i o n .  These t e s t s  a l s o  a i d e d  i n  
deve lop ing  s a f e  shut-down sequences .  A l l  f i r i n g s  of t h e  b a t t l e s h i p  t e s t  
v e h i c l e  were moni tored f o r  s t a r t  and shut-down. T h i s  provided a  w e a l t h  o f  
d a t a  needed t o  e s t a b l i s h  run-to-run and engine-to-engine v a r i a t i o n s ,  and t o  
v a l i d a t e  t h e  o p e r a t i o n a l  sequences .  
Development t e s t i n g  of t h e  p r o p e l l a n t  u t i l i z a t i o n  system was conducted 
s i m u l t a n e o u s l y  w i t h  t h e  s t a t i c  f i r i n g s  and f low t e s t s .  These t e s t s  ensured 
t h a t  t h e  sys tem p r o p e r l y  sensed i n c i p i e n t  d e p l e t i o n  i n  t h e  p r o p e l l a n t  t a n k s ,  
and s a t i s f a c t o r i l y  c o n t r o l l e d  t h e  m i x t u r e  r a t i o  s u p p l i e d  t o  t h e  eng ine .  
Var ious  t y p e s o f  sys tem m a l f u n c t i o n s  were s imula ted  t o  demons t ra te  t h a t  s a f e  
p r o p u l s i o n  system o p e r a t i o n  would c o n t i n u e  i f  p r o p e l l a n t  u t i l i z a t i o n  system 
m a l f u n c t i o n  o r  f a i l u r e  occur red .  
Other  t e s t s  were conducted on t h e  s t a t i c  t e s t  v e h i c l e s ,  i n c l u d i n g  t h e  
u s u a l  s t a t i c  and dynamic t e s t s ,  proof and b u r s t  t e s t s  on t a n k s ,  and a f t  
i n t e r s t a g e  purge and environmental  c o n t r o l  t e s t s .  An a l l - sys tems  t e s t  
v e h i c l e  was a l s o  u t i l i z e d .  T h i s  was a f l i g h t  q u a l i t y  v e h i c l e  used f o r  f i n a l  
checkout  o f  a l l  t e s t  p rocedures ,  f o r  suppor t  equipment i n t e r f a c e s ,  and,  
e v e n t u a l l y ,  a s  a  dynamics t e s t  v e h i c l e  f o r  t h e  S a t u r n  V checkout .  
P y r o t e c h n i c  tes ts  of t h e  s t a g e  s e p a r a t i o n  system and t h e  emergency 
d e s t r u c t  sys tem were conducted t o  q u a l i f y  t h e  mild  d e t o n a t i n g  f u s e  e x p l o s i v e  
t r a i n .  Also ,  q u a l i f y i n g  t h e  f o u r  r e t r o - r o c k e t s  inc luded  i n  t h e  a f t  i n t e r s t a g e  
was t h e  r e s p o n s i b i l i t y  of Douglas a s  t h e  s t a g e  c o n t r a c t o r .  The f i n a l  t e s t  
s c h e d u l e  and development p l a n  i s  shown i n  F i g u r e  4-3. 
4 . 4  B a s e l i n e  P l a n s  and Schedules  - The h i s t o r i c a l  d a t a  form t h e  b a s i s  
f o r  t h e  b a s e l i n e  p l a n s  and s c h e d u l e s  of t h i s  s t u d y .  The q u a n t i t i e s  of hardware 
and t h e  t ime  phas ing  s c h e d u l e s  d i s c u s s e d  below r e p r e s e n t  e i t h e r  t h e  a l l  
expendable  o r  t h e  r e u s a b l e  e n t r y  module c o n f i g u r a t i o n s .  Other  c o n f i g u r a t i o n s  
a r e  cons idered  a s  i n c r e m e n t a l  i n c r e a s e s  added t o  t h e  b a s e l i n e  q u a n t i t i e s  o r  
t i m e s .  
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4 . 4 . 1  Maior T e s t  Hardware - The Gemini program u t i l i z e d  a  r e l a t i v e l y  
l a r g e  amount of t e s t  hardware:  f i v e  b o i l e r p l a t e s ,  f o u r  s t a t i c  t e s t  e n t r y  
v e h i c l e s ,  f o u r  s t a t i c  a d a p t e r s ,  a  the rmal  q u a l i f i c a t i o n  v e h i c l e ,  and a t  l e a s t  
f i v e  t e s t  a r t i c l e s  and s i x  mock-ups. A f u t u r e  development program would n o t  
r e q u i r e  a s  many of t h e  more expens ive  p i e c e s  of hardware,  b u t  would s t i l l  need 
a t  l e a s t  t h e  amount i t emized  i n  T a b l e  4-5. The t a b l e  a l s o  l i s t s  t h e  a d d i t i o n a l  
amounts needed f o r  t h e  more advanced c o n c e p t s .  
These v a r i o u s  p i e c e s  of test hardware w i l l  b e  used t o  develop and q u a l i f y  
t h e  p a r a c h u t e  o r  l a n d i n g  system;  t o  develop and q u a l i f y  t h e  ECS system;  t o  
demons t ra te  t h e  i n t e g r i t y  of t h e  crew module and l aunch  escape  system d u r i n g  
a b o r t ,  w a t e r  impact and subsequent  f l o t a t i o n ;  and t o  demons t ra te  t h e  s t a t i c  and 
dynamic s t r e n g t h  c h a r a c t e r i s t i c s  of t h e  v e h i c l e .  I f  t h e r e  is  a  l a r g e  i n t e g r a l  
p r o p u l s i o n  system such  a s  Main Maneuver o r  Upper S t a g e  Boost ,  a d d i t i o n a l  hardware 
i s  n e c e s s a r y  t o  develop and q u a l i f y  t h e  sys tem o r  sys tems .  The f i v e  o t h e r  
p r o p u l s i o n  systems ( r e t r o ,  o r b i t  a t t i t u d e  c o n t r o l ,  e n t r y  a t t i t u d e  c o n t r o l ,  
v e r n i e r ,  and l a n d i n g  a s s i s t )  t h a t  may b e  a  p a r t  of t h e  v e h i c l e  a r e  developed 
and q u a l i f i e d  u t i l i z i n g  t e s t  a r t i c l e s  o r  i n  c o n j u n c t i o n  w i t h  o t h e r  t e s t s  
noted above.  
The hardware q u a n t i t i e s  a r e  t h e  minimums t h a t  a  development program 
would r e q u i r e .  A s  t h e  a c t u a l  program t o  be  under taken becomes near- term,  t h e  
amount of t e s t i n g  and t h e  q u a n t i t y  of test hardware w i l l  be  d e f i n e d  by 
n e g o t i a t i o n  between t h e  customer and t h e  c o n t r a c t o r  d i r e c t l y  involved i n  
producing t h e  d e s i r e d  v e h i c l e .  At such a  t i m e ,  t h e  p o l i t i c a l  and f i s c a l  
i n f l u e n c e  w i l l  s i g n i f i c a n t l y  a f f e c t  t h e  d e g r e e  of conserva t i sm w i t h  which t h e  
development phase w i l l  be  approached. These v a l u e s  r e p r e s e n t  a  middle-of-the- 
road approach ,  n e i t h e r  a s  c o n s e r v a t i v e  a s  p r e v i o u s  programs n o r  a s  " s p o r t y "  
a s  some t h i n k  t h e  i n d u s t r y  w i l l  e v e n t u a l l y  evolve.  
4 .4 .2  Subsystem P l a n s  and Schedules  - I n  deve lop ing  t h e  f o l l o w i n g  
p l a n s  and s c h e d u l e s ,  c e r t a i n  assumptions  were made concern ing  t h e  n a t u r e  of 
t h e  b a s e l i n e  subsystems f o r  t h e  v e h i c l e s .  The most s i g n i f i c a n t  assumption 
was t h a t  t h e s e  new subsystems were new a p p l i c a t i o n s  of p r e s e n t  t echnology .  
Th is  i m p l i e s  t h a t  development work i s  needed t o  a p p l y  t h e  e x i s t i n g  t echnology  
t o  t h e  new v e h i c l e  r e q u i r e m e n t s ,  but  t h a t  t h e r e  i s  no need f o r  a  major e f f o r t  
t o  advance t h e  s t a t e - o f - t h e - a r t  b e f o r e  t h e  e f f o r t  can beg in .  T h i s  assumes 
t h a t  a l l  of  t h e  R&D work h a s  been done t o  p rov ide  a  subsystem which w i l l  work 
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Table 4-5 
Hardware Requirements 
5 B o i l e r p l a t e s  
2 - P a r a c h u t e s  and /or  l a n d i n g  system 
1 - ECS e v a l u a t i o n  
1 - Escape system 
1 - w a t e r  impact and f l o t a t i o n  
3 S t a t i c  T e s t  Reentry  V e h i c l e s  
1 - S t r u c t u r a l  T e s t  and Abort  
1 - Dynamic Response and F l o t a t i o n  
1 - P a r a c h u t e  Q u a l i f i c a t i o n  and Landing 
3 S t a t i c  CargoIManeuver Modules 
1 - S t r u c t u r a l  T e s t  and Q u a l i f i c a t i o n  
1 - Dynamic Response and Abort  
1 - Pyro Q u a l i f i c a t i o n  
1 Thermal Q u a l i f i c a t i o n  ( S t a t i c  Vehic le  Q u a l i t y  Used a s  Mock-up) 
1 C o m p a t i b i l i t y  T e s t  Uni t  
1 E l e c t r o n i c  Systems T e s t  Uni t  
7 Other  major  t e s t  a r t i c l e s  ( i . e . ,  specimen h a t c h ,  pyro test u n i t s ,  s t r u c t u r a l  
test u n i t s ,  e t c . )  
2 Other  major mockups (Engineer ing  and Promot iona l ,  and t u b e  and c a b l e )  
For I n t e g r a l  P r o p u l s i o n  ( C o n f i g u r a t i o n  C) 
1 a d d i t i o n a l  b o i l e r p l a t e  ( f o r  t e s t  and q u a l i f i c a t i o n  of i n t e g r a l  p r o p u l s i o n )  
1 B a t t l e s h i p  T e s t  Vehic le  
1 A d d i t i o n a l  B o i l e r p l a t e  
2 A d d i t i o n a l  T e s t  A r t i c l e s  
1 a d d i t i o n a l  Mock-up 
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i n  a  s p a c e c r a f t  environment.  S i n c e  l and  l a n d i n g  i s  r e q u i r e d ,  a l l  of  t h e  b a s i c  
technology development work t o  p rov ide  a  workable sys tem i s  assumed t o  have 
been completed b e f o r e  t h e  s t a r t  of t h e  p a r t i c u l a r  s p a c e c r a f t  program. The 
o n l y  a d d i t i o n a l  development would b e  f o r  a p p l i c a t i o n  of t h i s  technology t o  
t h e  new system. 
These p l a n s  a r e  based upon t h e  MDC e x p e r i e n c e  w i t h  t h e  i d e n t i f i e d  
subsystem components. The s c h e d u l e ,  F i g u r e  4-4, i s  f o r  a  r e u s a b l e  b a l l i s t i c  
e n t r y  v e h i c l e  - c o n f i g u r a t i o n  I B ,  which h a s  been assumed a s  t h e  b a s e l i n e ;  
however t h e  b a s e l i n e  v a l u e s  a r e  a p p l i c a b l e  t o  c o n f i g u r a t i o n  A and C a l s o .  
Other  c o n f i g u r a t i o n s  a r e  handled a s  p e r t u r b a t i o n s .  
The l a n d i n g  system s c h e d u l e  assumes a s a i l w i n g  system. T h i s  sys tem i s  
t h e  pac inq  i t e m ,  r e q u i r i n g  35 months from go-ahead t o  f l i g h t  q u a l i f i c a t i o n .  
Allowing a  t h r e e  month con t ingency  f o r  t h e  subsystem c o n t r a c t o r ,  t h e  t o t a l  
t ime t o  a  f l i g h t  q u a l i f i e d  sys tem i s  t h i r t y - e i g h t  months. 
The ECLS system schedule  assumes a  conven t iona l  one-gas system u t i l i z i n g  
gaseous  s t o r a g e  and l i t h i u m  hydrox ide ,  b a s i c a l l y  e x i s t i n g  t echnology ,  and 
a p p l i c a t i o n .  
The guidance and c o n t r o l  system i s  assumed t o  be e s s e n t i a l l y  e x i s t i n g .  
Improved accuracy  f o r  t h e  l a n d i n g  phase  i s  r e q u i r e d  which a f f e c t s  b o t h  t h e  
i n e r t i a l  r e f e r e n c e  and t h e  c o n t r o l  e l e c t r o n i c s .  
When i n t e g r a l  upper  s t a g e  p r o p u l s i o n  i s  added t o  t h e  s p a c e c r a f t ,  t h i s  
p r o p u l s i o n  system becomes t h e  pac ing  i tem.  The development t ime  f o r  t h e  
S a t u r n  S-IVB s t a g e  was shown p r e v i o u s l y .  It i s  assumed t h a t  t h e  m i l e s t o n e s  
i n  t h a t  program a r e  t y p i c a l  of t h o s e  expected f o r  t h e  i n t e g r a l  upper s t a g e  
development.  However, a  s h o r t e r  t ime from go-ahead t o  i n i t i a t i o n  of t e s t  
f i r i n g  i s  expec ted ,  It  i s  assumed t h a t  t h e  t ime  from go-ahead t o  q u a l i f i c a t i o n  
would be  about  54 months f o r  a  b a l l i s t i c  v e h i c l e  and 57 months f o r  an  M2-F2 
v e h i c l e .  
For t h e  M2-F2 c o n f i g u r a t i o n s ,  t h e  l a n d i n g  system development i s  s h o r t e r ,  
about  27  months, and i s  n o t  t h e  pac ing  i t em,  Heat p r o t e c t i o n  development 
r e q u i r e s  c o n s i d e r a b l y  more e f f o r t ,  and i n  c o n j u n c t i o n  w i t h  t h e  s t r u c t u r a l  
subsystem, i t  becomes t h e  pac ing  i t em a t  about  37 months. The escape  system 
no l o n g e r  u t i l i z e s  a  tower ,  bu t  t h e  development can s t i l l  be  completed 
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FIGURE 4-4 
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Pac ing  Subsystem 
Landing System 
e r  S t a  e  
~ ~ ~ ~ U l S l 0 $  
S t ruc tu re /Thermal  
P r o t e c t i o n  
Upper S tage  
P r o p u l s i o n  
w i t h i n  24 months. The remaining subsystems can be developed w i t h i n  t h e  base-  
l i n e  v a l u e s  shown i n  F i g u r e  4-4. A n a l y s i s  r e s u l t s  a r e  summarized i n  
Table  4-6. 
4 .4 .3  S p a c e c r a f t  System Development - Figure  4-5 p r e s e n t s  t h e  b a s e l i n e  
development program f o r  a r e u s a b l e  modular b a l l i s t i c  e n t r y  v e h i c l e  w i t h  
expendable  miss ion  module, c o n f i g u r a t i o n  I B .  T h i s  i s  a l s o  t r u e  f o r  c o n f i g u r a -  
t i o n  I A  and I C .  Comparing t h i s  f i g u r e  and t h e  p r e v i o u s  f i g u r e  i n d i c a t e s  t h a t  
t h e  f i r s t  manned f l i g h t  w i l l  o c c u r  about  f o u r  months a f t e r  t h e  pacing 
subsystem h a s  reached  q u a l i f i c a t i o n .  The unmanned development f l i g h t s  would 
occur  j u s t  a f t e r  t h e  subsystems a r e  q u a l i f i e d ,  and a  f i v e - f l i g h t  t e s t  program 
would comple te ly  q u a l i f y  t h e  system. 
I f  t h e  v e h i c l e  i s  an  M2-F2, c o n f i g u r a t i o n  I IA,  B, o r  C ,  t h e  f i r s t  
manned f l i g h t  would be  de layed  u n t i l  abou t  43  months a f t e r  go-ahead. T h i s  i s  
due t o  t h e  l o n g e r  subsystem q u a l i f i c a t i o n  program (37 months) and t o  t h e  l o n g e r  t ime 
p e r i o d s  between launches .  Allowing f o u r  months between t h e  unmanned f l i g h t  and 
t h e  f i r s t  manned-f l ight ,  t h e  manned-f l ights  should  b e g i n  abou t  43 months a f t e r  
go-ahead and shou ld  be  complete t e n  months l a t e r .  
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The development program f o r  t h e  c o n f i g u r a t i o n s  hav ing  i n t e g r a l  upper s t a g e  
p r o p u l s i o n  ( c o n f i g u r a t i o n  I D ,  I E ,  I F ,  I I D ,  I I E ,  and I I F )  w i l l  have a  s i m i l a r  
f i v e  - f l i g h t  t e s t  program. These w i l l  ex tend  1 0  months o r  14 months a f t e r  
subsystem q u a l i f i c a t i o n ,  depending on whether  a  b a l l i s t i c  o r  M2-F2 v e h i c l e  i s  
under c o n s i d e r a t i o n .  Thus, t h e s e  l a r g e r  v e h i c l e s  w i l l  have  a l o n g e r  develop- 
ment t ime  ex tend ing  t o  abou t  73 months f o r  a n  M2-F2. These t imes a r e  
summarized i n  Table  4-7 and shown i n  F igure  4-6. 
Table 4-7 
Development Program Time 
(Through f i r s t  5 f l i g h t s )  
Conf igura t ion  
I A ,  I B ,  I C  
I D ,  I E ,  I F  
I I A ,  I I B ,  I I C  
I I D ,  I I E ,  I I F  
Development Time 
Months 
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5. OPERATIONS AND SUPPORT - During Phase I of t h e  s t u d y ,  s e v e r a l  
O p e r a t i o n a l  and Support  A c t i v i t i e s  were  i n v e s t i g a t e d .  Those having some 
i n f l u e n c e  upon t h e  s p a c e c r a f t  r e l a t e d  t o t a l  c o s t  p i c t u r e  of a l o g i s t i c s  
m i s s i o n  were ( a )  p re launch  and l a u n c h  o p e r a t i o n s ,  (b) t h e  l aunch  suppor t  
and m i s s i o n  o p e r a t i o n s ,  ( c )  r ecovery  s i t e  q u a n t i t i e s  and method of 
o p e r a t i o n ,  (d )  r ecovery  f o r c e s ,  and ( e )  r e c e r t i f i c a t i o n  o r  re fu rb i shment .  
The l aunch  o p e r a t i o n s  a n a l y s i s  r e s u l t e d  i n  e s t i m a t i n g  r e l a t i o n s h i p s  
of man-hour c o s t s  t o  v e h i c l e  s i z e ,  c o n f i g u r a t i o n ,  and number of l aunches .  
These o p e r a t i o n s  r e q u i r e  a c t i v i t i e s  f o r  s u p p o r t  and m i s s i o n  c o n t r o l  
which a r e  f u n c t i o n s  of program d u r a t i o n  and number o f  l aunches .  A d d i t i o n a l  
c o s t  a r e a s  of AGE and F a c i l i t y  Maintenance were a l s o  ana lyzed .  
Recovery s i t e s  and recovery  f o r c e s  e n t e r  i n t o  t r a d e - o f f s  w i t h  v e h i c l e  
maneuver c a p a b i l i t y .  To permi t  t h e s e  t r a d e - o f f s  t o  be  performed, t h e  
c o s t s  of o p e r a t i n g  one o r  more recovery  f o r c e s  and recovery  s i t e s  were 
determined.  I n  a d d i t i o n ,  a s t a t i s t i c a l  a n a l y s i s  of s i t e  l o c a t i o n  v s  r e t u r n  
p r o b a b i l i t y  was conducted t o  e n s u r e  t h e  d a t a  on maneuver c a p a b i l i t y  
r e q u i r e m e n t s ,  d i s c u s s e d  i n  S e c t i o n  4.5 of Book 1 was r e a l i s t i c  r a t h e r  
t h a n  i d e a l l y  p a r a m e t r i c .  
R e c e r t i f i c a t i o n  o r  re fu rb i shment  a n a l y s e s  were p r i m a r i l y  based on 
p r e v i o u s  s t u d i e s .  The r e s u l t  i s  a set of e q u a t i o n s  t o  e s t i m a t e  man-hours 
and f low t i m e  a s  a  f u n c t i o n  of v e h i c l e  s i z e ,  c o n f i g u r a t i o n ,  and subsystem. 
P r o v i s i o n s  t o  i n c l u d e  o r  n o t  i n c l u d e  t e s t i n g  a t  t h e  combined systems 
t e s t  l e v e l  (complete  v e h i c l e  checkout)  and h o t - f i r i n g  of t h e  p r o p u l s i o n  
systems a r e  c o n t a i n e d .  These r e s u l t i n g  man-hours can b e  e a s i l y  conver ted 
t o  a  c o s t  t o  which can be  added t h e  m a t e r i a l s  c o s t s ,  t o  produce a t o t a l  
d o l l a r  c o s t  f o r  r e c e r t i f i c a t i o n .  
5 . 1  P r e l a u n c h  and Launch Opera t ions  - The s p a c e c r a f t  l aunch  o p e r a t i o n s  
c o n t r a c t  f o r  t h e  Gemini program encompassed more a c t i v i t i e s  t h a n  j u s t  l a u n c h  
o p e r a t i o n s  and launch s u p p o r t .  S u b s t a n t i a l  e f f o r t  was made i n  AGE d e s i g n  and 
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modif ica t ion ,  t r a i n i n g  of ground crews, f a c i l i t y  checkout and maintenance, 
and advanced miss ion  planning.  This a n a l y s i s  r e l i e d  heav i ly  upon t h e  work of 
Reference 5-1, bu t  included nea r ly  875,000 man-hours charged t o  t hese  ope ra t ions  
not  considered t h e r e .  The ad jus t ed  t o t a l  man-hours expended on the  Cape 
opera t ions  was 4,952,251, inc luding  105,569 man-hours of S t .  Louis launch 
support  e f f o r t .  
5 .1 .1  Gemini Cape A c t i v i t i e s  - The cos t  code i tems  of t h e  Gemini program 
d i r e c t l y  r e l a t e d  t o  t h e  p repa ra t ion  and launch of t h e  spacec ra f t  grouped i n t o  
s i x  func t iona l ly-or ien ted  ca t egor i e s .  These involve  i n d u s t r i a l  a r e a  a c t i v i t i e s  
w i th in  t h e  main bu i ld ings ;  t h e  i n d u s t r i a l  a r e a  a c t i v i t i e s  a t  remote l o c a t i o n s ,  
i . e .  pyro bui ldup;  on-pad assembly a c t i v i t i e s ;  prelaunch systems t e s t i n g ;  
f i n a l  countdown; and miscel laneous a c t i v i t i e s .  
Support-related a c t i v i t i e s  were genera l  suppor t ,  m a t e r i a l s  and l o g i s t i c s  
suppor t ,  opera t ions  suppor t ,  pre-del ivery t echn ica l  suppor t ,  subcont rac tor  
f i e l d  suppor t ,  r e p a i r  of government owned equipment, and l i a i s o n  o r  support  
engineering;  a l s o  included were r e p o r t s  and ske t ches ,  f u t u r e  mission p lanning ,  
and t h e  launch suppor t  provided by personnel  covered by t h e  product ion c o n t r a c t .  
Mission c o n t r o l  suppor t  a c t i v i t i e s  included those  f o r  t h e  s imula tor ,  
c o n t r o l  ope ra t ions  and a c t i v i t i e s ,  and ground crew t r a i n i n g .  
The launch ope ra t ions  con t r ac t  a l s o  included AGE-related a c t i v i t i e s ,  such 
a s  a d d i t i o n a l  AGE des ign  and f a b r i c a t i o n ,  GSE i tems,  AGE spa re  p a r t  procurement, 
AGE research  and development, AGE modif ica t ion  and des ign ,  f i e l d  change n o t i c e s ,  
and AGE maintenance and v a l i d a t i o n .  There a l s o  were a  few a c t i v i t i e s  r e l a t e d  
t o  v a l i d a t i o n ,  maintenance, and a c t i v a t i o n  of f a c i l i t i e s .  
There a r e  many smal l  va lue  cos t  codes and c o s t  i t e m s  i n  t h e  d e t a i l e d  
breakdown of t h i s  Gemini Spacecraf t  Operations c o n t r a c t  t h a t  have been combined 
i n t o  t h e  genera l  suppor t  category.  The records  from which t h i s  d a t a  was 
ex t r ac t ed  had 38 i tem numbers subdivided i n t o  a  t o t a l  of 360 c o s t  codes. 
The d e t a i l e d  accounting of man-hours covers  only Gemini 5 through 12  
because e a r l y  i n  t h e  program a l l  of t h e  man-hour charges were recorded a g a i n s t  
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one  c o s t  number. However, a b o u t  t h e  t ime S p a c e c r a f t  5  was d e l i v e r e d  t o  t h e  Cape 
i n d u s t r i a l  a r e a ,  new a c c o u n t i n g  p r a c t i c e s  were i n s t i t u t e d  which a l lowed c o s t s  t o  b e  
t r a c k e d  by s p a c e c r a f t .  
I n  s u p p o r t ,  t h e  a c t i v i t y  c a l l e d  "Repair  of Government-Owned ~ ~ u i ~ m e n t "  was t h e  
o n l y  a r e a  where a  s i g n i f i c a n t  hardware c o s t  was a s s o c i a t e d  w i t h  t h e  a c t i v i t y .  The 
manhours expended on t h i s  a c t i v i t y  approximated 179,000 o r  abou t  3 .6  p e r c e n t  of t h e  
t o t a l  manhours. Assoc ia ted  was a c o s t  of $2,966,895 p a i d  t o  s u b c o n t r a c t o r s  f o r  
m a t e r i a l s  and s e r v i c e s .  Th i s  was a b o u t  twice  t h e  manhour c o s t .  
Another c o s t  i t e m  i n  t h e  Support  ca tegory  i s  f u t u r e  program p lann ing .  T h i s  was 
work performed f o r  NASA which was n o t  r e l a t e d  t o  t h e  Gemini program and c o n s i s t e d  
of advance p lann ing  t e c h n i c a l  s u p p o r t  t o  t h e  o f f i c e s  w i t h i n  t h e  Kennedy S p a c e f l i g h t  
Center .  Approximately 289,500 manhours were charged t o  t h i s ,  r e p r e s e n t i n g  5 . 8  pe r -  
c e n t  of t h e  t o t a l ,  o r  24.5 p e r c e n t  of t h e  suppor t  c a t e g o r y  manhours. 
5 . 1 . 2  Data O r g a n i z a t i o n  - S i n c e  t h e  h i s t o r i c a l  d a t a  of t h e  Gemini S p a c e c r a f t  
Opera t ions  c o n t r a c t  was n o t  u s e f u l  i n  i t s  b a s i c  form, t h e  f i r s t  problem a t t a c k e d  was 
t h e  r e f o r m a t i n g  of t h a t  d a t a  i n t o  t h e  Cost  Element S t r u c t u r e  p a t t e r n .  Th is  invo lved  
r e a r r a n g i n g  t h e  d a t a  of Refe rence  5-1, adding t h e  c o s t s  excluded i n  t h a t  a n a l y s i s ,  
v e r i f y i n g  t h e  j o b  d e s c r i p t i o n s  f o r  each c o s t  code o r  c o s t  i t e m ,  and checking t o  
e n s u r e  t h a t  t h e  r e s u l t i n g  t o t a l  d u p l i c a t e d  t h e  t o t a l s  f o r  t h e  c o n t r a c t s  invo lved  
as r e p o r t e d  i n  t h e  NASA form 533 r e p o r t s .  There was a  248,000 manhour d i f f e r e n c e  i n  
t h e  v a l u e s  recorded  i n  Refe rence  5-1 and t h o s e  determined from t h e  NASA form 533 
r e p o r t s .  Th i s  is  p a r t l y  exp la ined  by t h e  d i f f e r e n t  d a t a  s o u r c e s ;  t h e  NASA form 533 
r e p o r t s  a r e  a c t u a l  t o t a l s  w h i l e  t h e  s o u r c e s  f o r  Refe rence  5-1 were incomple te ,  having 
a b o u t  97 p e r c e n t  of t h e  t o t a l  run-out c o s t s  bu t  n e g l e c t i n g  d i v i s i o n a l  overhead,  
g e n e r a l  overhead,  and t r a v e l .  These upward ad jus tments  were made i n  t h e  broad 
c a t e g o r y  of Support  s i n c e  t h e  NASA form 533 r e p o r t s  a r e  n o t  s u f f i c i e n t l y  d e t a i l e d  t o  
i d e n t i f y  t h e  e x a c t  c o s t  c a t e g o r y  t o  be a d j u s t e d .  The r e s u l t a n t  d a t a ,  regrouped and 
a d j u s t e d ,  a r e  p r e s e n t e d  i n  Tab le  5-1. These d a t a  c o n s t i t u t e  t h e  b a s e  on which t h e  
a n a l y s i s  w a s  performed. The Support  A c t i v i t i e s  i n c l u d e  a l l  c o s t s  charged a g a i n s t  
s p a c e c r a f t  number 1 through number 4 .  
A second r e o r g a n i z a t i o n  r e s u l t e d  from t h e  g u i d e l i n e  assumption t h a t  t h e  f i r s t  
f i v e  f l i g h t s  of t h e  Gemini program would be cons idered  t h e  development f l i g h t  t e s t  
phase .  Deeper a n a l y s i s  of t h e  Gemini program d a t a  sugges ted  t h a t  t h e  f i r s t  unmanned 
Gemini f l i g h t  more c l o s e l y  resembled a  s t r u c t u r a l  i n t e g r i t y  t e s t  t h a n  a n  unmanned 
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t e s t  f l i g h t .  The s t r u c t u r e  was mos t ly  b o i l e r p l a t e ,  con ta ined  few subsystem com- 
ponen ts ,  and no a t t e m p t  was made t o  r e c o v e r  t h e  v e h i c l e .  Thus, we have assumed t h a t  
Gemini 2 was t h e  f i r s t  u n i t ,  and t h a t  Gemini 6 was t h e  l a s t  v e h i c l e  i n  t h e  f l i g h t  
t e s t  program. T h i s  a g r e e s  w i t h  t h e  a c t u a l  Gemini program which c o n s i d e r e d  Gemini 7  
th rough  Gemini 1 2  a s  q u a s i - o p e r a t i o n a l  f l i g h t s .  
Table 5-1 
Actua l  Gemini Opera t ions  and Support  Cos t s  
Launch Opera t ions  
I n d u s t r i a l  Area A c t i v i t i e s  
Radar C a l i b r a t i o n  and Pyro Buildup 
On-pad Assembly A c t i v i t i e s  
On-pad T e s t  A c t i v i t i e s  
Countdown 
Misce l l aneous  A c t i v i t i e s  
M i s s i o n  C o n t r o l  and Support  
Miss ion  C o n t r o l  
Support  A c t i v i t i e s  
A d d i t i o n a l  AGE 
AGE Maintenance 
F a c i l i t y  A c t i v a t i o n  
F a c i l i t y  Maintenance 
T o t a l s  
Manhour s 
586,937 
The approach fol lowed was t o  f i t  cu rves  t o  t h e  r e c u r r i n g  d a t a  of Gemini 5  
th rough  Gemini 1 2 ;  t o  e s t a b l i s h  v a l u e s  f o r  each c a t e g o r y ;  t o  r e a d j u s t  t h e  Support  
c a t e g o r y  t o t a l s  downward by t h e  amount c a l c u l a t e d  f o r  f l i g h t s  two th rough  f o u r ;  t o  
e s t a b l i s h  a  r e c u r r i n g  r a t e  f o r  t h o s e  c o s t s  d e f i n e d  o n l y  i n  t o t a l s ;  and t h e n  t o  
d e t e r m i n e  t h e  r e l a t i o n s h i p s  t o  be  used i n  developing t h e  c o s t  model. 
I n s p e c t i o n  of t h e  d a t a  r e v e a l e d  a  wide s c a t t e r  e x h i b i t e d  by n e a r l y  a l l  c a t e -  
g o r i e s .  I n  a t t e m p t i n g  t o  o b t a i n  meaningful  r e s u l t s ,  c e r t a i n  d a t a  p o i n t s  were 
ignored  i n  f i t t i n g  curves  t o  t h e  d a t a .  These "wild p o i n t s 1 '  can  be  a t t r i b u t e d  t o  t h e  
f o l l o w i n g  o c c u r r e n c e s :  
a.  ground equipment f a i l u r e s  
b.  s p a c e c r a f t  subsystem m a l f u n c t i o n s  
c .  r e t e s t i n g  a f t e r  r e p a i r s  
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d .  l aunch  s c r u b s  and r e c y c l e s  
e  . "hurry  -upt1 l aunch ing  
f .  wea ther  d e l a y s  
g .  i n c o r r e c t  t i m e  charg ing  by p e r s o n n e l  
The r e s u l t i n g  e q u a t i o n s  r e c o g n i z e  a  r e a s o n a b l e  amount of " i n e f f i c i e n t "  
a c t i v i t y  due  t o  rework and r e t e s t i n g .  
The r e c u r r i n g  d a t a  b a s e  i s  s m a l l  (Gemini 5 through Gemini 1 2 )  and e x t r a -  
p o l a t i n g  t r e n d s  bo th  t o  f i r s t  u n i t s  and t o  50 o r  more l a c k s  r i g o r .  However, 
i t  i s  s t i l l  r e a s o n a b l e  t o  expec t  t h e  r e s u l t s  t o  be meaningful  a s  a  p lann ing  
t o o l .  With t h i s  i n  mind, t h e  d a t a  were f i t  by a  " l e a r n i n g  curve"  e q u a t i o n ,  
b  M = aN , f o r  t h e  f i r s t  1 0  u n i t s .  Beyond t h i s  q u a n t i t y ,  a h y p e r b o l i c  o r  p a r a b o l i c  
e q u a t i o n  was f i t t e d  t o  t h e  same d a t a .  T h i s  was a n  a t t e m p t  t o  r e c o g n i z e  t h a t  
t h e r e  i s  a  s i g n i f i c a n t  l e a r n i n g  r a t e  e a r l y  i n  a  program; b u t ,  a f t e r  a  c e r t a i n  
p o i n t  i n  t ime  o r  i n  t h e  program, t h i s  r a t e  g r a d u a l l y  d i s a p p e a r s  and t h e  v a l u e  
become asympto t ic  t o  some c o n s t a n t .  
5 . 1 . 3  Development of B a s e l i n e  Values - The launch  o p e r a t i o n s  and m i s s i o n  
c o n t r o l  and suppor t  a r e  d i s c u s s e d  h e r e .  These a r e  t h e  a c t i v i t i e s  normal ly  
c o n s i d e r e d  when ETR o r  WTR a c t i v i t i e s  a r e  d i s c u s s e d .  
5 . 1 . 3 . 1  Launch Opera t ions  - The r e c u r r i n g  a d j u s t e d  d a t a  f o r  Gemini l aunches  
5 th rough  1 2  was f i t  by r e g r e s s i o n  a n a l y s i s  t o  bo th  a  " l e a r n i n g  curve"  and a  
h y p e r b o l i c  e q u a t i o n .  I n  some c a s e s ,  fewer t h a n  t h e  e i g h t  d a t a  p o i n t s  a v a i l a b l e  
were ana lyzed  t o  a d j u s t  t h e  d a t a  f o r  t h e  "wild p o i n t s "  d i s c u s s e d  p r e v i o u s l y .  
For example, t h e  i n i t i a l  a n a l y s i s  f o r  t h e  cos t - subca tegory  of I n d u s t r i a l  Area 
A c t i v i t i e s  i n d i c a t e d  t h a t  t h e  g r e a t e r  t h e  number of l aunches ,  t h e  g r e a t e r  would 
be  t h e  u n i t  c o s t .  S i n c e  such a  c o n c l u s i o n  does  n o t  a g r e e  w i t h  e x p e r i e n c e ,  a  
deeper  a n a l y s i s  of t h i s  c o s t  d a t a  was n e c e s s a r y .  
The i n d u s t r i a l  a r e a  a c t i v i t i e s  f o r  Gemini 5 and 7 were c o n s i d e r a b l y  below 
t h e  t r e n d  of t h e  d a t a .  These s p a c e c r a f t  were p repared  w i t h  a  minimum of d e l a y ,  
and,  i n  t h e  c a s e  of Gemini 7 ,  under g r e a t  urgency t o  g e t  t h e  l aunch  o f f  q u i c k l y .  
I n  c o n t r a s t ,  f o r  Gemini 9 a n  u n u s u a l l y  h i g h  number of problems d u r i n g  t h e  
i n d u s t r i a l  a r e a  a c t i v i t i e s  r e q u i r e d  e x t e n s i v e  r e t e s t i n g  and some component 
rep lacement .  Both s i t u a t i o n s  a r e  non-standard and t h e r e f o r e  t h e s e  t h r e e  d a t a  
p o i n t s  were n e g l e c t e d ;  a  much more r e a s o n a b l e  " l e a r n i n g  curve"  e q u a t i o n  r e s u l t e d .  
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This  i n d i c a t e d  a n  approximate  l e a r n i n g  rate of  76 p e r c e n t .  A  s i m i l a r  approach  
was fol lowed f o r  any c o s t  subca tegory  where anomal ies  cou ld  be  i d e n t i f i e d  b u t  
n o t  q u a n t i f i e d .  
During pad assembly o p e r a t i o n s ,  b o t h  Gemini 9 and Gemini 1 2  encountered 
more t h a n  t h e  u s u a l  number of d i f f i c u l t i e s .  T h i s  r a n  t h e  man-hours expended 
i n  t h i s  a c t i v i t y  f o r  t h e s e  two c o n s i d e r a b l y  above t h e  t r e n d  l i n e .  Also ,  
t h e  r e v e r s e  w a s  t r u e  of Gemini 1 0  which was n e a r l y  a "textbook" o p e r a t i o n ,  
For t h e  Pad Assembly O p e r a t i o n s ,  t h e  d a t a  i n d i c a t e d  l i t t l e  " lea rn ing"  was 
a c t u a l l y  e x p e r i e n c e d  i n  t h i s  a c t i v i t y .  I n i t i a l  d a t a  a n l a y s i s  i n d i c a t e d  a 
s l i g h t  n e g a t i v e  l e a r n i n g ,  and t h e  a d j u s t e d  d a t a  i n d i c a t e d  about  98 p e r c e n t  
l e a r n i n g .  
A s  mentioned p r e v i o u s l y ,  Gemini 9 was plagued by problems throughout  t h e  
Cape o p e r a t i o n s .  I n  On-Pad T e s t i n g ,  i t  r e q u i r e d  abou t  t w i c e  as much e f f o r t  
a s  expec ted ,  based  on t h e  t r e n d  l i n e .  During t h e  Countdown A c t i v i t i e s  i t  
r e q u i r e d  abou t  50 p e r c e n t  more e f f o r t  t h a n  e x p e c t e d .  I n  b o t h  of t h e s e  c o s t  
s u b c a t e g o r i e s ,  Gemini 9 d a t a  was n e g l e c t e d  i n  developing t h e  e q u a t i o n s  
e x p r e s s i n g  t h e  t r e n d s .  
Gemini 6 and Gemini 1 0  b o t h  exper ienced  smooth countdown o p e r a t i o n s ,  
and were c o n s i d e r a b l y  below t h e  t r e n d  l i n e .  These p o i n t s  were n e g l e c t e d  i n  
t h e  c u r v e  f i t t i n g  f o r  t h e  e q u a t i o n s  r e p r e s e n t i n g  Countdown A c t i v i t i e s .  
I n  t h e  l a s t  s u b c a t e g o r y  of Misce l l aneous  Opera t ions  d a t a  f o r  Gemini 5 ,  
were n e g l e c t e d  as a "wild p o i n t " .  Both e q u a t i o n s  were f i t t e d  t o  t h i s  l a t t e r  
c a t e g o r y  d a t a  s i n c e  t h i s  p a r t i c u l a r  c a t e g o r y  was expected t o  exper ience  a h i g h  
i n i t i a l  l e a r n i n g  rate and ,  a f t e r  a  moderate  number o f  l aunches ,  approach some 
n e a r l y  c o n s t a n t  v a l u e ,  
S ince  t h e  e q u a t i o n s  developed were  based upon Gemini d a t a ,  i t  seemed 
r e a s o n a b l e  t o  f u r t h e r  a d j u s t  t h e  developed e q u a t i o n s  so  t h a t  t h e y  w i l l  r eproduce  
t h e  Gemini l aunch  o p e r a t i o n  a c t u a l s  f o r  Gemini 5 through 1 2 .  Th is  i n v o l v e s  
checking t h e  r e c u r r i n g  c o s t s  f o r  Gemini 5  through 1 2  a g a i n s t  t h e  estimates 
from t h e  v a r i o u s  e q u a t i o n s ,  and a d j u s t i n g  t h e  c o e f f i c i e n t s  of t h e  e q u a t i o n s  
a c c o r d i n g l y .  The r e s u l t i n g  man-hour t o t a l s  f o r  t h e  Launch Opera t ions  is  shown 
i n  Tab le  5-2. T h i s  r e p r e s e n t s  t h e  e s t i m a t e d  a c t u a l  man-hours expended i n  l aunch  
o p e r a t i o n s ,  based  upon t h e  developed e q u a t i o n s .  
o p e r a t i o n s ,  based  upon t h e  developed e q u a t i o n s ,  
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Table 5-2 
Adjusted Gemini Operations and Support Costs 
Launch Operations 
Industrial Area Activities 
Radar Calibration and Pyro Buildup 
On-pad Assembly Activities 
On-pad Test Activities 
Countdown 
Miscellaneous Activities 
Mission Control and Support 
Mission Control 
Support Activities (general) 
Support Activities (recurring) 
Additional AGE 
AGE Maintenance 
Facility Activation 
Facility Maintenance 
Totals 
Manhours 
724,313 
These adjusted equations for launch operations provide a unit man-hour 
cost for each activity as a function of the specific number of the launch. If 
these are summed over the total number of launches involved, the total man-hours 
for each activity can be estimated. This total and a labor rate will provide 
a dollar value for each activity. 
The resulting basic equations for the launch activity man-hours per launch 
as a function of the launch number are: 
Industrial Area Activities 
N -. 40044 
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Radar Calibration and Pyro Buildup Activities 
On-Pad Assembly Activities 
All N 
On-Pad Test Activities 
Countdown Activities 
1 < N < 1 0  
- 
Miscellaneous Activities 
1 < N < 1 0  
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One a d d i t i o n a l  procurement c o s t  u s u a l l y  a s s o c i a t e d  w i t h  t h e  l aunch  
o p e r a t i o n s  i s  t h e  c o s t  of p r o p e l l a n t s  and g a s e s .  These have been s p e c i f i c a l l y  
excluded from t h i s  a n a l y s i s ,  b u t  w i l l  b e  i n c l u d e d  i n  t h e  c o s t  module p o r t i o n  
of t h e  o p t i m i z a t i o n  model. 
Based upon t h e  Gemini d a t a ,  a l l  s i x  c o s t  s u b c a t e g o r i e s  i n d i c a t e d  t h a t  a  
r e a s o n a b l e  l e a r n i n g  r a t e  was exper ienced  i n  t h e  Cape a c t i v i t i e s .  Except f o r  
t h e  Pad Assembly A c t i v i t i e s  and Misce l l aneous  A c t i v i t i e s  n o t e d  p r e v i o u s l y ,  
t h i s  l e a r n i n g  r a t e  was i n  t h e  75 p e r c e n t  t o  80 p e r c e n t  r a n g e .  However, as 
n o t e d ,  t h i s  h igh  l e a r n i n g  r a t e  i s  expec ted  t o  d e c r e a s e  as t h e  number of l aunches  
i n c r e a s e s .  Thus, t h e  l e v e l i n g  o u t  of t h e  l e a r n i n g  r a t e  w i l l  beg in  a t  abou t  
t h e  t w e l f t h  l aunch ,  and t h e  l e a r n i n g  r a t e  w i l l  be  n e a r l y  z e r o  by t h e  f i f t i e t h  
l aunch .  The e q u a t i o n s  developed from t h e  d a t a  r e f l e c t  t h i s  assumed p a t t e r n .  
These s i x  e q u a t i o n s  a r e  shown i n  F i g u r e s  5-1 and 5-2. 
The average  l aunch  o p e r a t i o n s  l a b o r  c o s t s  f o r  t h e  i n t e g r a l  upper  s t a g e  
p r o p u l s i o n  system of s p a c e c r a f t  concep t s  D ,  E ,  and F can be  approximated by t h e  
r e l a t i o n s h i p  
- 6 - .583 C = 2 . 7 9  x 10 R 
Th is  e x p r e s s i o n  was d e r i v e d  from h i s t o r i c a l  d a t a  a s  shown i n  F i g u r e  5-3. It 
does  n o t  p rov ide  f o r  a v a r i a t i o n  s e n s i t i v e  t o  p r o p u l s i o n  sys tem complexi ty  
o r  sys tem s i z e .  A s  s e e n  i n  t h e  f i g u r e ,  t h e s e  l aunch  o p e r a t i o n s  c o s t s  a r e  somewhat 
dependent on v e h i c l e  s i z e  b u t  t h e  d a t a  i s  i n s u f f i c i e n t  t o  pe rmi t  f o r m u l a t i o n  of 
a  r e l a t i o n s h i p  e x p r e s s i o n .  The s e l e c t e d  e x p r e s s i o n  f a l l s  i n  t h e  expected s i z e  
range  o f  t h e  v e h i c l e s  of t h i s  s t u d y .  It shou ld  p r o v i d e  a  r e a s o n a b l e  approx imat ion  
of t h e  d e l t a  c o s t s  when l i m i t e d  t o  t h e  i n t e g r a l  upper s t a g e  p r o p u l s i o n  system.  
5 . 1 . 3 . 2  Support  A c t i v i t i e s  - Launch s i t e  s u p p o r t  i n v o l v e s  r e c u r r i n g  
a c t i v i t i e s  dependent on  t h e  l aunch ing  of a  v e h i c l e ,  and on s u s t a i n i n g  a c t i v i t i e s  
(con t inuous  c o s t  i t e m s )  t h a t  r e f l e c t  t h e  c o s t  of b e i n g  t h e r e .  The Gemini d a t a  
had t h e s e  f e a t u r e s  and t h e  combined t o t a l  was l i s t e d  i n  Table  5-1. A s  d i s c u s s e d ,  
t h i s  b a s i c  d a t a  r e q u i r e d  a d j u s t i n g  t o  make i t  more u s e f u l .  
The r e c u r r i n g  Suppor t  A c t i v i t i e s  d a t a  was f i t t e d  t o  a  " l e a r n i n g  curve  
e q u a t i o n .  The r e s u l t i n g  e q u a t i o n ,  a f t e r  a d j u s t i n g  t h e  d a t a ,  was: 
N 
-. 31380 
C =  C 76,301 N and is shown i n  F i g u r e  5-4 
N= 1 
38 
MCDONNELL DOUGLAS ASTRONAUFRGS COMPANY 
EASTERN DIVRSRON 
VOLUME I1 OPTlMlZED COSI/;PERFBRMANCE REPORT NO. G975 
BOOK 2 DESIGN ME"Pe98DOLQGY 15  APRIL 1969 
Figure  5-1 
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These e q u a t i o n s  were  used t o  determine t h e  u n i t  man-hour c o s t s  f o r  t h e  e a r l i e r  
l aunches  and t o  extend t h e  d a t a  t o  a  g r e a t e r  number of l aunches .  The t o t a l s  
f o r  l aunches  5  through 1 2  a g r e e  w i t h  t h o s e  f o r  Gemini 5  through 1 2 .  
The o t h e r  c o s t s  a r e  more d i f f i c u l t  t o  d e f i n e  i n  p a r a m e t r i c  terms.  These 
c o s t s  a r e  f o r  a c t i v i t i e s  which r e q u i r e  a  n e a r l y  c o n s t a n t  s t a f f i n g  f o r  t h e  l i f e  
of t h e  program; i . e . ,  ground crew t r a i n i n g ,  m a t e r i a l s  and l o g i s t i c  s u p p o r t ,  
l i a i s o n  e n g i n e e r i n g ,  and i n d i r e c t  t e c h n i c a l  suppor t  a l l  have e s s e n t i a l l y  
c o n s t a n t  manpower l o a d i n g s  f o r  t h e  l i f e  of t h e  program. T h e r e f o r e ,  t h e  most 
r e a l i s t i c  parameter  i s  t i m e ,  e i t h e r  months o r  weeks of program d u r a t i o n .  
The Gemini Cape a c t i v i t y  c o n t r a c t  r a n  64 months from January  1962 t o  
A p r i l  1957, bu t  t h e  f i r s t  e i g h t  months and t h e  l a s t  two months had v e r y  l i m i t e d  
s t a f f i n g .  T h e r e f o r e ,  f o r  t h i s  a n a l y s i s ,  i t  was assumed t h a t  t h e  c o n t r a c t  
s t a r t e d  a t  t h e  n i n t h  month a f t e r  t h e  b a s i c  s p a c e c r a f t  c o n t r a c t ,  and r a n  f o r  54 
months. The Support  A c t i v i t i e s  s t a f f i n g  d u r i n g  t h i s  t ime  t o t a l e d  2,158,319 man- 
hours  ( s e e  Table  5-2).  The a d j u s t e d  d a t a  d i s c u s s e d  above i n d i c a t e d  t h a t  
523,158 manhours of t h i s  was of a  l aunch- re la ted  r e c u r r i n g  n a t u r e .  T h i s  l e f t  
1 ,635 ,161  manhours t o  be sp read  over  54 months amounting t o  30,281 manhours p e r  
month, o r  about  175 persons .  
The r e s u l t i n g  e x p r e s s i o n  f o r  Support  A c t i v i t i e s  i s  t h e  sum of  t h e  two c o s t s :  
where L  = program l i f e  i n  months 
N = l a u n c h  number 
5 . 1 . 3 . 3  Mission C o n t r o l  - Like t h e  cont inuous  c o s t s  of s u p p o r t  a c t i v i t i e s ,  
? f i s s ion  Cont ro l  Costs  of t h e  Gemini were charged a g a i n s  t h e  t o t a l  program. Thus,  
t h e  same approach was used t o  develop a  p a r a m e t r i c  e q u a t i o n  f o r  Mission C o n t r o l .  
The Gemini d a t a  of t a b l e s  5-1 o r  5-2 i n d i c a t e s  374,874 manhours were expended. 
I f  t h e s e  a r e  s p r e a d  o v e r  54 months, t h e  r e s u l t  i s  6,942 manhours p e r  month o r  abou t  
40 p e r s o n s .  The e q u a t i o n  f o r  Miss ion Cont ro l  manhours i s :  
C8 = 6,942 (L-11) 
where L  = program d u r a t i o n  i n  months 
5 . 1 . 3 . 4  Other  Cost C a t e g o r i e s  - There were f o u r  o t h e r  c o s t  c a t e g o r i e s  i n  
t h e  Gemini program c o n t r a c t  t h a t  a r e  n o t  c l o s e l y  i d e n t i f i e d  w i t h  t h e  l aunch  
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a c t i v i t i e s  a s  t h o s e  p r e v i o u s l y  d i s c u s s e d .  Two of t h e s e  a r e  a  non- recur r ing  c o s t  
and two a r e  a  f u n c t i o n  of t h e  number o f  l aunches .  
The non-recurr ing c o s t  a c t i v i t i e s  a r e  Launch S i t e  P e c u l i a r  AGE and F a c i l i t y  
A c t i v a t i o n ,  b o t h  a  p a r t  of t h e  development phase .  These c o s t s  a r e  d i s c u s s e d  h e r e ,  
o n l y ,  because  they a r e  a  p a r t  o f  t h e  o r i g i n a l  Gemini C o n t r a c t  and were cons idered  
i n  t h e  d a t a  a n a l y s e s .  These two c o s t s  were c a r r i e d  a s  c o n s t a n t s  through t h e  
o r g a n i z a t i o n  and ad jus tment  of t h e  Gemini d a t a  and t h e  development of t h e  b a s e l i n e  
e q u a t i o n s .  
The r e c u r r i n g  c o s t s ,  AGE Maintenance and F a c i l i t y  Maintenance,  are b o t h  
d i r e c t l y  r e l a t e d  t o  t h e  number of l aunches .  These two c o s t s  were  a l s o  ana lyzed .  
I t  Learn ing  curve" e q u a t i o n s  were f i t t e d  t o  t h e  d a t a  u s i n g  t h e  same techn iques  as 
t h o s e  used t o  e v a l u a t e  t h e  l aunch  o p e r a t i o n s  d a t a .  The r e s u l t i n g  e q u a t i o n s  
show a  h i g h  l e a r n i n g  r a t e  and were:  
N 
F a c i l i t y  Maintenance C, = C 38,218 N -. 83142 
F i g u r e  5-5 shows t h e s e  two e q u a t i o n s  g r a p h i c a l l y .  
MAINTENANCE 
Figure 5-5 
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5 .1 .4  S i z e  E f f e c t s  - Launch o p e r a t i o n s  and suppor t  a c t i v i t i e s  a r e  
i n f l u e n c e d  by t h e  s i z e  of t h e  v e h i c l e  be ing  launched. A p r e v i o u s  s t u d y  of 
Gemini and Mercury l aunch  o p e r a t i o n s  and suppor t  a c t i v i t y  c o s t s  anai-yzed t h e  
d a t a  t o  e s t a b l i s h  b a s i c  p a r a m e t r i c  r e l a t i o n s h i p s .  The r e l a t i o n s h i p  be tueen  
l a u n c h  o p e r a t i o n s  c o s t s  and s p a c e c r a f t  s i z e  was found t o  be p r o p o r t i o n a l  t o  t h e  
f i r s t  u n i t  c o s t s  of t h e  s p a c e c r a f t .  S i n c e  f i r s t  u n i t  c o s t s  a r e  s t r o n g l y  
i n f l u e n c e d  by t h e  t y p e  and amount of m a t e r i a l  and equipment i n  t h e  v e h i c l e ,  t h e y  
a r e  a  good measure of t h e  v e h i c l e  s ize .and complexi ty .  The r e l a t i o n s h i p  between 
launch  o p e r a t i o n s  o r  s u p p o r t  c o s t s ,  i n  manhours, and s i z e  o r  complexi ty  h a s  
t h e  b a s i c  form: 
Cost i n  manhours = I< (T1 Cos t )  .485 
where K = 59.8  based upon t h e  p r e v i o u s  Gemini-Mercury d a t a  a n a l y s i s .  
The s i z e  f a c t o r  would have t h e  form: 
S i z e  F a c t o r  = L - 
K(Costl) .485 
where (Costl)  was $38.0 m i l l i o n s ,  t h e  e s t i m a t e d  f i r s t  u n i t  c o s t  of Gemini. 
For t h i s  o p t i m i z a t i o n  model, t h e  s i z e  e f f e c t  upon t h e  l aunch  o p e r a t i o n s ,  r e c u r r i n g  
s u p p o r t  a c t i v i t i e s ,  and f a c i l i t i e s  maintenance is d e f i n e d  by t h i s  r e l a t i o n s h i p :  
- 4 S i z e  F a c t o r  = 2.11 x 1 0  (TI Cost)  .485 
where (T Cos t )  i s  t h e  f i r s t  u n i t  c o s t  o f  t h e  complete s p a c e c r a f t ,  i e .  e v e r y t h i n g  1 
above t h e  b o o s t e r .  
There  i s  no s i g n i f i c a n t  s i z e  e f f e c t  upon t h e  d u r a t i o n  s e n s i t i v e  c o s t s  o r  
upon t h e  AGE maintenance c o s t s .  
5 .2  On-Orbit Opera t ions  - It w a s  assumed t h a t  on-orb i t  o p e r a t i o n s  would 
be t h o s e  a c t i v i t i e s  performed w h i l e  t h e  s p a c e c r a f t  i s  docked t o  t h e  space  
s t a t i o n .  During t h i s  t i m e ,  t h e  s p a c e c r a f t  draws i t s  suppor t  from t h e  space  
s t a t i o n  and ground c o n t r o l  a c t i v i t i e s  a r e  assumed t o  be o n l y  t h o s e  a s s o c i a t e d  
w i t h  t h e  space  s t a t i o n .  T h e r e f o r e ,  f o r  t h i s  s t u d y  and t h e  r e s u l t i n g  model,  
t h e r e  a r e  no on-orb i t  o p e r a t i o n s  f o r  t h e  l o g i s t i c s  miss ion .  
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5.3 - S e c t i o n  4 . 5  of book 1 d i s c u s s e s  t h e  r e l a t i o n -  
s h i p  between number of recovery  s i t e s ,  t h e  l o c a t i o n  o f  t h o s e  s i t e s ,  t h e  c r o s s  
range  o r  l a t e r a l  r ange  c a p a b i l i t y  of t h e  s p a c e c r a f t ,  t h e  amount of i n - o r b i t  
l o i t e r  t i m e  p e r m i t t e d ,  and t h e  amount of p r o p u l s i v e  A ' V  needed t o  s a t i s f y  a l l  
of t h e  r e q u i r e m e n t s .  F u r t h e r  i n v e s t i g a t i o n  v a s  conducted u s i n g  a  s t a t i s t i c a l  
a n a l y s i s  as p a r t  of t h e  o p e r a t i o n a l  mode t rade-of f  s i n c e  s i t e s  cannot  b e  l o c a t e d  
a s  " i d e a l l y "  as i s  assumed i n  a  p a r a m e t r i c  a n a l y s i s .  
5 .3 .1  I n t r o d u c t i o n  - The nominal m i s s i o n  cons idered  involved a  t r i p  t o  
a n  o r b i t i n g  s p a c e  s t a t i o n  and r e t u r n  w i t h i n  t h r e e  days .  A f t e r  t h e  r e t u r n  
d e c i s i o n  h a s  been  made and a l l  checks  and p r e p a r a t i o n s  f o r  d e o r b i t  and e n t r y  
completed,  t h e  r e t u r n  c y c l e  i s  i n i t i a t e d  by s e p a r a t i n g  t h e  s p a c e c r a f t  from t h e  
s t a t i o n ,  u t i l i z i n g  a  AV of about  1 0  f t / s e c .  For  a  normal m i s s i o n ,  t h e  r e t u r n  
t ime  i s  known f a r  enough i n  advance t o  compute t h e  o r b i t a l  ground t r a c k  o f  t h e  
s p a c e c r a f t  d u r i n g  d e o r b i t  and e n t r y ,  and t o  b e  a b l e  t o  de te rmine  t h e  c r o s s r a n g e  
and phas ing  r e q u i r e m e n t s .  These,  i n  t u r n ,  de te rmine  t h e  number of o r b i t s  f o r  
w a i t i n g  and p h a s i n g  needed t o  r e a c h  a  s p e c i f i e d  r e t u r n  s i t e .  
For  t h e  M2-F2 s p a c e c r a f t ,  t h e  aerodynamic maneuver can p r o v i d e  a 24-hour 
r e t u r n  c a p a b i l i t y  w i t h o u t  t h e  u s e  of a  phas ing  o r  p l a n e  change maneuver. I n  
t h i s  c a s e ,  t h e  s p a c e c r a f t  can remain docked t o  t h e  space  s t a t i o n  u n t i l  one  o r  
two o r b i t s  b e f o r e  t h e  d a i l y  overpass  n e a r e s t  t h e  s e l e c t e d  l and ing  s i t e .  
For t h e  b a l l i s t i c  s p a c e c r a f t ,  t h e  c r o s s r a n g e  t o  r e a c h  t h e  s e l e c t e d  r e t u r n  
s i t e  w i l l  u s u a l l y  exceed i t s  aerodynamic maneuver c a p a b i l i t y .  Thus,  phas ing  
w i l l  be r e q u i r e d  t o  accomplish  t h e  o r b i t  t r a c k  s h i f t  t o  b r i n g  t h e  s p a c e c r a f t  
ground t r a c k  w i t h i n  i t s  maneuver c a p a b i l i t y  of t h e  s p a c e c r a f t .  
The r e t r o g r a d e  AV f o r  e i t h e r  s p a c e c r a f t  i s  t h e  same, and a  f u n c t i o n  of 
o r b i t  a l t i t u d e .  For  t h e  nominal 300 na  m i  o r b i t ,  a  A V  of about  500 f t / s e c  i s  
needed. For  a b a l l i s t i c  s p a c e c r a f t ,  i t  i s  advantageous  t o  o r i e n t  t h e  r e t r o  
t h r u s t  v e c t o r  t o  minimize range d i s p e r s i o n  s e n s i t i v i t y .  
A c o s t  i s  a s s o c i a t e d  w i t h  e i t h e r  p r o v i d i n g  a d d i t i o n a l  p r o p u l s i v e  maneuver 
c a p a b i l i t y  t o  t h e  s p a c e c r a f t  o r  p r o v i d i n g  more r e t u r n  s i t e s .  T h i s  a n a l y s i s  
a t t e m p t s  t o  d e f i n e  t h e  p e r t i n e n t  pa ramete rs  involved so  t h a t  a meaningful  
t r a d e - o f f  can  b e  made. 
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5 .3 .2  S t a t i s t i c a l  A n a l y s i s  of Re turn  S i t e s  - Much l i t e r a t u r e  i s  a v a i l a b l e  
on s p a c e c r a f t  r e c o v e r y  a t  l a n d  b a s e s  (Reference 5-2 th rough  5-15). A  rev iew of 
t h i s  m a t e r i a l  i n d i c a t e d  t h e r e  was much o v e r l a p  i n  t h e  coverage.  However, t h e  
work of D r .  Chu (Reference 5-7) was p robab ly  t h e  most comprehensive. He h a s  
developed a  computer program t o  de te rmine  t h e  p r o b a b i l i t y  of a  s p a c e c r a f t  
r e t u r n i n g  t o  a  s e l e c t e d  network of r e t u r n  s i t e s ,  g i v e n  t h e  c r o s s r a n g e  c a p a b i l i t y  
of t h e  s p a c e c r a f t  and t h e  o r b i t a l  i n c l i n a t i o n  and a l t i t u d e .  A s i m i l a r  program 
has  been developed a t  MDAC and adapted t o  t h i s  s t u d y .  The r e s u l t s  have been 
used t o  a d j u s t  t h e  p a r a m e t r i c  d a t a  p r e s e n t e d  i n  S e c t i o n  4 .5  of Volume 11, Book 1. 
5 . 3 . 2 . 1  Ground Rules  f o r  t h i s  A n a l y s i s  - The g u i d e l i n e s  f o r  t h i s  r e t u r n  
s i t e  s t u d y  a r e  a s  f o l l o w s :  
S p a c e c r a f t  o r b i t  a l t i t u d e  i s  300 na  m i .  
O r b i t  i n c l i n a t i o n s  a r e  50 deg ,  70 deg and 90 deg ,  
S p a c e c r a f t  c r o s s r a n g e  c a p a b i l i t y  i s  150 n a  m i  and 600 na  m i .  
Maximum w a i t  i n  o r b i t  i s  24 h r .  
Re turn  s i t e s  w i l l  be  a c t i v e  USAF b a s e s .  
Re turn  s i t e s  w i l l  be  i n  c o n t i n e n t a l  U.S. 
Re turn  s i t e s  w i l l  b e  near  n a v i g a b l e  w a t e r s .  
Number of r e t u r n  s i t e s  w i l l  be  a  minimum. 
An i n i t i a l  s e t  of twelve USAF b a s e s  l o c a t e d  i n  t h e  n o r t h e r n  l a t i t u d e s  of t h e  
c o n t i n e n t a l  U.S. were  screened and,  because  of one o r  more of t h e  g u i d e l i n e s ,  
t h e  number was reduced t o  seven which were: 
a .  McChord AFB, Washington 47.5 deg N 
b .  P a i n e  F i e l d ,  Washington 47.92 deg N 
c .  Dulu th  I n t l . ,  Minnesota 46.83 deg N 
d .  Sawyer AFB, Michigan 46.35 deg N 
e .  Wurthsmith AFB, Michigan 44.47 deg N 
f .  P l a t t s b u r g h  AFB, New York 44.65 deg N 
g .  Lor ing  AFB, Maine 46.95 deg N 
L a t e r  i n  t h e  a n a l y s i s ,  Edwsrds AFB, C a l i f o r n i a  was added t o  t h e  s i t e s  
under c o n s i d e r a t i o n .  It was a l s o  found t h a t  P a i n e  F i e l d  h a s  been conver ted  t o  
c i v i l i a n  u s e ,  
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The c a n d i d a t e  r e t u r n  s i t e s  were analyzed by t h e  computer program and t h e s e  
f i v e  l o c a t i o n s  were s e l e c t e d :  
a .  McChord AFB, Washington 
b .  Sawy%r AFB, Michigan 
c .  Wurtsmith AFB, Michigan 
d .  Lor ing  AFB, Maine 
e .  Edwards AFB, C a l i f o r n i a  
These  s i t e s  were  s e l e c t e d  wi thou t  c o n s i d e r i n g  sur rounding  t e r r a i n ,  wea ther ,  
o r  p o p u l a t i o n  c o n c e n t r a t i o n s .  Also ,  t h e s e  s i t e s  were c o n s i d e r e d  f o r  m i s s i o n s  
having o r b i t a l  i n c l i n a t i o n s  of e x a c t l y  50 deg ,  70 deg ,  and 90 deg. Other  s i t e s  
might be  s e l e c t e d  f o r  m i s s i o n s  i n  t h e  75 deg t o  85 deg r a n g e  o r  i n  t h e  55 deg t o  
65 deg range .  
One s i t e  was n o t  c o n s i d e r e d  a s  a  r e a l i s t i c  c a s e  because  weather  o r  o t h e r  
c o n d i t i o n s  can deny i t s  u s e  f o r  extended t ime p e r i o d s .  The p a r a m e t r i c  a n a l y s i s  
of s e c t i o n  6 .4  of book 1 d i d  c o n s i d e r  t h e  s i t u a t i o n  where o n l y  one s i t e  of a  
t w o / s i t e  network was a v a i l a b l e .  
5 .3 .2 .2  Two S i t e  Recovery Network Requirements - The p a r a m e t r i c  a n a l y s i s  
of s e c t i o n  4 .5  i n  book 1 was based on t h e  assumption t h a t  t h e  s i t e s  were  
e q u a l l y  spaced around t h e  world a t  t h e  l a t i t u d e  s p e c i f i e d .  Th is  ignored  
g e o g r a p h i c a l  o r  p o l i t i c a l  c o n s i d e r a t i o n s .  A more r e a l i s t i c  assumption i s  t h a t  
t h e  s i t e s  a r e  a l l  l o c a t e d  w i t h i n  t h e  c o n t i n e n t a l  Uni ted S t a t e s  (CONUS), 
Of t h e  f i v e  l o c a t i o n s  no ted  above,  McChord AFB, Washington and Lor ing  AFB, 
Maine a r e  t h e  obv ious  c h o i c e s  i f  o n l y  two e x i s t i n g  s i tes  a r e  cons idered .  The 
computer model i n d i c a t e s  t h a t  a t  l e a s t  180 na  m i  l a t e r a l  r ange  c a p a b i l i t y  i s  
n e c e s s a r y  t o  r e t u r n  t o  t h e s e  s i t e s  from a  50 deg o r  70 deg i n c l i n e d  o r b i t  and 
about  240 n a  m i  l a t e r a l  r a n g e  f o r  r e t u r n  from a  90 deg i n c l i n e d  o r b i t  w i t h i n  
24 h o u r s  w i t h  a p r o b a b i l i t y  o f  1 .000.  
R e f e r r i n g  t o  t h e  p a r a m e t r i c  a n a l y s i s  of s e c t i o n  4 .5  i n  book I, two i d e a l l y  
l o c a t e d  r e t u r n  s i t e s  would r e q u i r e  t h e  v e h i c l e  t o  have 14 n a  m i ,  170 n a  m i ,  o r  
165 n a  m i  l a t e r a l  r ange ,  r e s p e c t i v e l y ,  f o r  50 deg ,  70 deg ,  and 90 deg i n c l i n e d  
o r b i t  t o  r e t u r n  w i t h i n  24 h o u r s ,  Thus, more maneuver c a p a b i l i t y  must be pro- 
v i d e d  onboard t h e  b a l l i s t i c  v e h i c l e .  The M2-F2 v e h i c l e  h a s  adequa te  l a t e r a l  
r ange  c a p a b i l i t y .  
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To prov ide  t h e  a d d i t i o n a l  30 na  m i  o r  90 na  m i  of l a t e r a l  r ange  f o r  t h e  
b a l l i s t i c  by o r b i t  phas ing  and up t o  24 h o u r s  t o  r e t u r n ,  a n  a d d i t i o n a l  A V  of 
about  1 5  f t / s s c  o r  35 f t / s e c  must be  provided by t h e  s p a c e c r a f t  p r o p u l s i o n  
system. 
5 . 3 . 2 . 3  Three-Si te  Recovery Network Requirements - Adding a  s i t e  between 
t h e  p r e v i o u s  two i s  t h e  obvious  n e x t  s t e p  i n  making a  t h r e e  s i t e  network.  The 
s i t e  s e l e c t e d  was Sawyer AFB, Michigan. For  t h i s  network,  t h e  computer 
p r o b a b i l i t y  model i n d i c a t e s  t h a t  180 na  m i ,  180 n a  m i ,  and 240 na  m i  a r e  r e -  
q u i r e d  t o  e n s u r e  r e t u r n i n g  t o  one of t h e s e  t h r e e  s i t e s  w i t h i n  24 hours .  
Comparing t h i s  w i t h  t h e  p r e v i o u s  two s i t e  network c a s e  shows t h a t  adding t h i s  
s i t e  h a s  had l i t t l e  e f f e c t  on t h e  v e h i c l e .  The maneuver A V  r equ i rements  a r e  
the same. 
The p a r a m e t r i c  a n a l y s i s  i n  book 1 i n d i c a t e d  t h a t  t h r e e  i d e a l l y  l o c a t e d  
s i t e s  could  p rov ide  r e t u r n  w i t h i n  24 hours  from a l l  t h r e e  o r b i t  i n c l i n a t i o n s  
f o r  t h e  b a l l i s t i c  v e h i c l e  w i t h  150 na m i  l a t e r a l  r ange  c a p a b i l i t y .  However, 
t h i s  s t a t i s t i c a l  a n a l y s i s  i n d i c a t e s  t h a t  t h i s  i s  n o t  p o s s i b l e  f o r  t h r e e  s i t e s  
i n  t h e  CONUS. A d d i t i o n a l  maneuver c a p a b i l i t y  i n  t h e  b a l l i s t i c  v e h i c l e  i s  
r e q u i r e d .  
5 . 3 . 2 . 4  Four-Si te  Recovery Network Requirements - Adding Wurtsmith AFB, 
Michigan,  a s  a  f o u r t h  s i t e  i n  t h e  CONUS recovery  network r e d u c e s  t h e  r e q u i r e -  
ments f o r  t h e  90 deg i n c l i n e d  o r b i t s .  The computer p r o b a b i l i t y  model i n d i c a t e s  
t h a t  180 na  m i ,  180 n a  m i ,  and 150 na mi ,  r e s p e c t i v e l y ,  f o r  t h e  50 deg,  70 deg,  
and 90 deg i n c l i n e d  o r b i t s  a r e  r e q u i r e d  t o  e n s u r e  r e t u r n  t o  one of t h e  network 
s i t e s  w i t h i n  24 hours .  
5 . 3 . 2 . 5  Value of Edwards AFB a s  a  S i t e  - Since  Edwards AFB, C a l i f o r n i a  
i s  c u r r e n t l y  used f o r  t e s t  f l i g h t s  of a l l  t y p e s  of advanced a i r c r a f t  and space-  
c r a f t ,  i t  i s  an  a t t r a c t i v e  c o n s i d e r a t i o n  f o r  a  r e t u r n  s i t e .  A l l  of t h e  t r a c k i n g  
and guidance equipment i s  r e a d i l y  a v a i l a b l e ,  t h e  pe rsonne l  a r e  exper ienced  i n  
h a n d l i n g  t h e  o p e r a t i o n s  invo lved  i n  l a n d i n g  and r e c o v e r i n g  t h e  t y p e  of space-  
c r a f t  be ing  c o n s i d e r e d ,  and t h e  t e r r a i n  i s  f l a t  and open. 
I f  Edwards AFB is  added t o  t h e  p r e v i o u s  f o u r - s i t e  network,  a  s l i g h t  
improvement i s  no ted .  The requ i rements  become: 
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O r b i t  I n c l i n a t i o n  B a l l i s t i c  Vehic le  M2-F2 Vehic le  
50 deg 1 5  f t l s e c  0 
70 deg 0 0 
90 deg 0 0 
5 . 3 . 3  Conclusions  - When a c t u a l  s i t e  l o c a t i o n s  a r e  c o n s i d e r e d  s t a t i s t i c a l l y ,  
more si tes a r e  r e q u i r e d  t h a n  i s  i n d i c a t e d  by t h e  p a r a m e t r i c  a n a l y s e s ,  o r  e l s e  
i t  i s  n e c e s s a r y  t o  p r o v i d e  t h e  s p a c e c r a f t  w i t h  a d d i t i o n a l  p r o p u l s i o n  c a p a b i l i t y  
t o  do maneuvers f o r  phasing o r  p l a n e  change.  For t h e  r e t u r n  w i t h i n  24 hours  
c a s e ,  t h e  b a l l i s t i c  s p a c e c r a f t  must do phasing maneuvers t o  r e t u r n  t o  a network 
of s i tes.  T h e r e f o r e ,  f o r  " r e a l  world" s i t u a t i o n ,  t h e  b a l l i s t i c  s p a c e c r a f t  must 
be  p rov ided  w i t h  enough a d d i t i o n a l  AV c a p a b i l i t y  up t o  35 f t / s e c  t o  e n s u r e  
r e t u r n .  The M2-F2 h a s  no such problems u n t i l  q u i c k  r e t u r n  i s  c o n s i d e r e d .  
Quick r e t u r n  a n a l y s e s  were n o t  made u s i n g  t h e  s t a t i s t i c a l  p r o b a b i l i t y  model. 
The p a r a m e t r i c  q u i c k  r e t u r n  d a t a  of s e c t i o n  4 .5 ,  book 1, i s  s a t i s f a c t o r y  
f o r  t h e  o p e r a t i o n a l  mode e f f e c t s  a n a l y s i s  c a p a b i l i t y  t o  be  i n c l u d e d  i n  t h e  
o p t i m i z a t i o n  model.  The t rade-of f  between t h e  AV r e q u i r e d  v e r s u s  t h e  number 
of recovery  s i t e s  w i l l  be  e v a l u a t e d  i n  t h e  Task 6 a n a l y s e s .  
5 .4  Recovery Forces  and Costs  - I n  t h i s  s t u d y  i t  was assumed t h a t  t h e  
pr imary r e c o v e r y  mode would be  l a n d  r e c o v e r y .  Water r e c o v e r y  was c o n s i d e r e d  
on ly  f o r  t h e  a l l - expendab le  v e h i c l e s  and as t h e  l aunch  o r  b o o s t  a b o r t  mode. 
The r e c o v e r y  f o r c e  a n a l y s i s  f o l l o w s  t h e s e  g u i d e l i n e s  and i s  based on t h e  d a t a  
of Refe rence  5-16. 
5 . 4 . 1  Land Recovery - It was assumed i n  t h e  c a s e  of new s i t e s  t h a t  a 
minimum amount of new f a c i l i t i e s  would b e  p rocured .  I n  t h e  c a s e  o f  t h e  
h o r i z o n t a l  l a n d i n g  recovery  s i t e s ,  one l o n g  runway w i t h  a few b u i l d i n g s  and 
h a n g a r s ,  and l i v i n g  q u a r t e r s  f o r  a few hundred persons  would b e  b u i l t  i n  a 
f a v o r a b l e  ( o r  i d e a l )  l o c a t i o n .  The p a r a m e t r i c  a n a l y s i s  of s e c t i o n  4 .5 ,  book 1, 
u t i l i z e d  b a s i c  o r b i t  mechanics and l o c a t i o n  assumptions  i n  deve lop ing  t h a t  
d a t a .  The o r b i t  mechanics r e q u i r e s  t h a t  t h e  most f a v o r a b l e  r e c o v e r y  s i t e  
l a t i t u d e  be  w i t h i n  - + 2 deg of t h e  o r b i t  i n c l i n a t i o n  f o r  t h e  b a l l i s t i c  conf igura -  
t i o n s  of t h i s  s t u d y .  The two degrees  i s  a f u n c t i o n  of t h e  c r o s s  r a n g e  
c a p a b i l i t y  of t h e  v e h i c l e  (assumed t o  be  150 na m i ) ,  and i n c r e a s e s  w i t h  g r e a t e r  
c r o s s  r a n g e  c a p a b i l i t y .  
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A new f a c i l i t y  f o r  a  v e r t i c a l  l a n d i n g  system r e q u i r e s  a  l e s s e r  inves tment  
because  t h e  runway l e n g t h  is  s i g n i f i c a n t l y  reduced,  n e g l e c t i n g  any c o n s i d e r a t i o n  
of a  l a n d i n g  s t r i p  f o r  l a r g e  ca rgo  a i r c r a f t  t o  suppor t  t h e  t r a n s p o r t a t i o n  phase  
of t h e  r e c e r t i f i c a t i o n  c y c l e .  Also,  t h e  v e r t i c a l  l a n d i n g  v e h i c l e s  i n h e r e n t l y  
have a  g r e a t e r  d i s p e r i s o n  r e q u i r i n g  a much g r e a t e r  " c o n t r o l l e d "  l a n d  area 
sur rounding  t h e  c e n t e r  of t h e  r e t u r n  s i t e .  
Th i s  i s  accomplished by l e a s i n g  sur rounding  a c r e a g e  s o  a s  t o  l i m i t  i t s  
usage  t o  g r a z i n g  o r  c rop  c u l t i v a t i o n .  Once t h e  s i te  h a s  been e s t a b l i s h e d ,  i t  
i s  assumed t h a t  i t  would be  t u r n e d  over  t o  t h e  m i l i t a r y  f o r  s u s t a i n i n g  o p e r a t i o n .  
During each r e c o v e r y  p e r i o d ,  a l l  a c t i v i t i e s  n o t  connnected w i t h  t h e  s p a c e c r a f t  
r e c o v e r y  o p e r a t i o n s  w i l l  be  suspended f o r  a  p e r i o d  of 72 hours  o r  less. The 
r e s t  of t h e  t i m e  t h e  r o u t i n e  m i l i t a r y  o p e r a t i o n s  would con t inue .  Th is  i s  
s i m i l a r  t o  how NASA and t h e  m i l i t a r y  p r e s e n t l y  o p e r a t e .  For each r e c o v e r y  
NASA " h i r e s "  t h e  U.S. Navy f o r  a few days .  
I f  e x i s t i n g  USAF b a s e  f a c i l i t i e s  a r e  u t i l i z e d ,  i t  is assumed t h a t  t h e  on ly  
inves tment  would be  f o r  t h e  unique equipment r e q u i r e d  f o r  t h e  s p a c e c r a f t  
r ecovery  o p e r a t i o n s ,  i n c l u d i n g  t r a c k i n g  and c o n t r o l  o r  guidance command. A 
s m a l l  c a d r e  of t e c h n i c i a n s  would b e  a t  each r e t u r n  s i t e ,  t h e  b a l a n c e  o f  t h e  
f o r c e  would be  m i l i t a r y  p e r s o n n e l  "hi red"  f o r  t h e  few days  of each r e c o v e r y  
o p e r a t i o n .  M i l i t a r y  v e h i c l e s  and emergency equipment would a l s o  b e  "hiredH o r  
l e a s e d  f o r  t h e  p e r i o d .  
Basic  Cost  Data - There  a r e  f o u r  r e c o v e r y  s i t e  approaches ,  depending on 
t h e  v e h i c l e  and t h e  recovery  s i t e  phi losophy.  There i s  t h e  i d e a l l y  l o c a t e d  
s i t e  f o r  h o r i z o n t a l  o r  v e r t i c a l  l and ing  and t h e  e x i s t i n g  s i t e  f o r  h o r i z o n t a l  
o r  v e r t i c a l  l a n d i n g .  Cost d a t a  has  been p repared  f o r  each o f  t h e s e ,  based 
upon Refe rence  5-16, and l i s t e d  i n  Table  5-3. 
A d e t a i l e d  breakdown of t h e s e  c o s t s  i s  shown i n  Tab le  5-4 .  
I n  t h i s  breakdown, t h e  p e r s o n n e l  c o s t s  a r e  a f u n c t i o n  of t h e  r e c o v e r y  
r a t e .  The b a s i c  d a t a  w a s  f o r  a r a t e  of f i v e  r e c o v e r i e s  pe r  y e a r .  As t h e  r a t e  
i n c r e a s e s ,  t h e  c o s t s  would a l s o  i n c r e a s e .  There can be  some c o s t  improvement 
a s  t h e  r a t e  i n c r e a s e s .  S ince  t h e r e  i s  no d a t a  t o  j u s t i f y  t h i s ,  a c o n s t a n t  
c o s t  is  used  i n  t h i s  s t u d y .  
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Table  5-3 
Recovery Site Costs 
Ideally Located Site - all new facilities 
Horizontal Landing 
Investment 
Facilities 
Equipment 
Operations 
Personnel 
Equipment Maintenance 
Vertical Landing 
Investment 
Facilities 
Equipment $2.270 - M 
Land Leases (10 years) $2.700 - M 
Operations 
Personnel 
Equipment Maintenance 
Existing AF Base Site 
Horizontal Landing 
Investment 
R E P O R T  NO. G975 
15 APRIL 1969 
Facilities 
Equipment 
Operations 
Personnel $ 84,00O/recovery 
Equipment Maintenance $ 21,50O/month 
Vertical Landing 
Investment 
Facilities 
Equipment 
Land Leases -0- 
Personnel 
Equipment Maintenance $ L9,333/month 
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Runway 
L i g h t i n g  
F u e l i n g  Equipment 
Hangars 
F i r e  S t a t i o n  and Equipment 
Power S t a t i o n  
Equipment 
Medical  F a c i l i t y  
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Table 5-4 
S i t e  Cost  Breakdown 
F a c i l i t i e s  (Costs  i n  $1000) 
H o r i z o n t a l  
New E x i s t i n g  
$2,507 -0- 
$ 650 -0- 
$ 180 -0- 
$ 540 -0- 
$ 133 - 0 
$ 350 -0 
$ 125 -0- 
$ 235 -0- 
C o n t r o l  Tower and Weather S t a t i o n  $ 175 
Land Leases  ( c o s t / y e a r )  $ -0- 
Land Purchase  $ 333 
Roads $ 225 
L i v i n g  Q u a r t e r s  $ 638 
$6,019 
$<does n o t  i n c l u d e  l a n d  l e a s e  c o s t  
Equipment (Costs  
Radar $ 500 
D i g i t a l  Command $ 300 
Computer Data Processor  $ 130 
Communications $ 185 
Master  Timing $ 25 
Medical  Equipment $ 100 
H e l i c o p t e r s  $ 800 
Crash and F i r e  V e h i c l e s  $ 100 
R/V R e t r i e v a l  Equipment $ 30 
R/V Crew R e t r i e v a l  Equipment $ 1 5  1 5  
$2,215 2 ,065 
V e r t i c a l  
New E x i s t i n g  
-0- -0- 
1 0  -0- 
7  7  -0 
380 -0- 
125 -0- 
188 -0- 
125  -0- 
235 -0- 
O p e r a t i o n s  (Costs  p e r  y e a r  i n  $1000) 
S p a r e s ,  Maintenance,  Equipment $ 277 258 249 
Leading,  T r a v e l  
P e r s o n n e l  (Costs  p e r  y e a r  i n  $1000) 
P e r s o n n e l  ( 5  r e c o v e r i e s / y e a r  $420 600 
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The equipment c o s t s  a r e  n o t  r a t e  s e n s i t i v e  f o r  r a t e s  less t h a n  30 p e r  y e a r ,  
b u t  a r e  a  c o n t i n u i n g  f i x e d  monthly c o s t .  Th i s  covers  t h e  s p a c e c r a f t  and miss ion  
un ique  equipment s p a r e s  and maintenance,  t h e  c o s t  of " h i r i n g "  t h e  m i l i t a r y  
equipment,  and t h e  r o u t i n e  t r a v e l .  
5 . 4 . 2  Water Recover ies  - Water r e c o v e r i e s  c o n c e n t r a t e  on s a f e l y  recover ing  
t h e  s p a c e c r a f t  crew, w i t h  on ly  secondary concern f o r  r e c o v e r i n g  t h e  s p a c e c r a f t  
s i n c e  i t  w i l l  n o t  be used a g a i n .  Thus, t h e  f o c u s  i s  on g e t t i n g  t o  t h e  s p l a s h -  
down s i t e  q u i c k l y  w i t h  t h e  f l o t a t i o n  equipment and p e r s o n n e l  t r a i n e d  i n  i t s  
use .  I n  t h e  a b o r t  s i t u a t i o n s ,  t h i s  f o r c e  i s  u s u a l l y  provided by t h e  U.S. Navy 
"h i red"  f o r  t h e  p e r i o d  of t h e  l aunch .  Rout ine  ocean recovery  of a r e t u r n i n g  
s p a c e c r a f t  w i l l  be  accomplished by a  s p e c i a l i z e d  recovery  s h i p .  
5 . 4 . 2 . 1  Abort Recovery Forces  - There  a r e  two s tandby  recovery  f o r c e s  
r e q u i r e d  a t  each l aunch .  One is  f o r  launch a b o r t  on o r  n e a r  t h e  pad,  t h e  o t h e r  
i s  f o r  b o o s t  a b o r t  d u r i n g  b o o s t  from seconds a f t e r  l i f t - o f f  t o  o r b i t  i n j e c t i o n .  
These f o r c e s  e n s u r e  s a f e  recovery  of t h e  crew w i t h i n  a  few h o u r s  shou ld  a n  
a b o r t  o c c u r .  
Launch Abort Recovery Force  - A f o r c e  of two s h i p s ,  f i v e  h e l i c o p t e r s ,  
and t h r e e  r e s c u e  a i r c r a f t  w i l l  e n s u r e  crew recovery .  The s h i p s  a r e  on s t a t i o n  
j u s t  o f f s h o r e  on t h e  b o o s t  t r a j e c t o r y  t r a c e .  The h e l i c o p t e r s  o p e r a t e  on- 
s h o r e  and c l o s e - i n ,  c a r r y i n g  r e s c u e  personne l  and f l o t a t i o n  equipment which 
can  be  dropped t o  keep t h e  s p a c e c r a f t  a f l o a t  u n t i l  a  s h i p  a r r i v e s .  The a i r c r a f t  
perform t h e  same f u n c t i o n  f u r t h e r  downrange. 
Boost Abort Recovery Force  - The downrange recovery f o r c e  s i z e  is  s e n s i t i v e  
t o  t h e  l aunch  azimuth f a n  t o  be accommodated. For a r e a s o n a b l e  f a n  of 1 0  deg 
o r  s o ,  a recovery f o r c e  of e i g h t  s h i p s  f o r  a  b a l l i s t i c  launch o r  s i x  s h i p s  f o r  
a n  M2-F2 launch i s  n e c e s s a r y .  The f o r c e  s i z e  depends on t h e  c r o s s r a n g e  maneuver 
c a p a b i l i t y ;  t h e  b i g g e r  t h e  maneuver c a p a b i l i t y ,  t h e  fewer s h i p s  a r e  r e q u i r e d .  
I n  p r e s e n t  p r a c t i c e ,  t h e r e  a r e  s e v e r a l  a i r c r a f t  o n - s t a t i o n  i n  t h e  a r e a  f i l l i n g  
t h e  gaps  i n  t h e  coverage.  These gaps a r e  t h e  range  l i m i t s  t h e  recovery  s h i p s  
can  t r a v e l  i n  a  s p e c i f i e d  maximum t ime.  For example, t h e  s h i p s  can  a l l  c r u i s e  
one hundred na .mi . in  f i v e  h o u r s .  The spaces  between s h i p s  t h a t  cannot  b e  
covered w i t h i n  f i v e  hours  a r e  covered by a i r c r a f t .  It i s  assumed t h a t  f i v e  
a i r c r a f t  a r e  n e c e s s a r y .  
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Abort  Recovery Force  Cos t s  - The a b o r t  r ecovery  f o r c e s  a r e  assumed t o  b e  U. S. 
Navy o r  USAF u n i t s  " h i r e d t t  f o r  each l aunch .  It i s  assumed t h a t  t h e  s u r f a c e  s h i p s  
a r e  "h i red"  f o r  a two day p e r i o d  a t  each  l aunch  a t t empt  and t h a t  t h e  a i r c r a f t  a r e  
"h i red"  f o r  1 0  hours  of f l y i n g  t i m e  a t  each launch a t t e m p t .  For t h e  launch a b o r t  
r ecovery  f o r c e ,  t h e  e s t i m a t e d  c o s t  is $25,000 p e r  launch a t t e m p t .  The c o s t  of t h e  
b o o s t  a b o r t  r e c o v e r y  f o r c e  i s  a  f u n c t i o n  of maneuver c a r a b i l i t y  of s p a c e c r a f t  and,  
t h u s ,  a  f u n c t i o n  of t h e  t y p e  of s p a c e c r a f t .  The e s t i m a t e d  c o s t  of t h e  r e c o v e r y  
f o r c e  f o r  a  b a l l i s t i c  s p a c e c r a f t  l aunch  a t t e m p t  is  $217,000, and f o r  a n  M2-F2 
s p a c e c r a f t  l aunch  a t t e m p t  - $175,000. 
5 . 4 . 2 . 2  Expendable Vehic le  Recovery Force  - For w a t e r  r e c o v e r y ,  i t  w a s  
assumed t h a t  a s u r p l u s  ca rgo  o r  l a n d i n g  s h i p  would b e  conver ted  by r e t r o f i t  of  
t h e  n e c e s s a r y  equipment.  The c o s t  o f  t h e  m o d i f i c a t i o n s  and equipment was 
e s t i m a t e d ,  b u t  t h e  c o s t  of t h e  b a s i c  s h i p  was n o t .  The o p e r a t i n g  c o s t  i s  
h i g h e r , s i n c e  i t  t a k e s  l o n g e r  t o  complete  t h e  recovery  o p e r a t i o n s  on w a t e r  t h a n  
on l a n d .  For t h i s  s t u d y ,  i t  i s  assumed t h a t  1 4  days a r e  r e q u i r e d .  
For  f u t u r e  s p a c e c r a f t  o p e r a t i o n s ,  t h e  l and ing  d i s p e r s i o n s  f o r  v e r t i c a l  
wa te r  l a n d i n g s  shou ld  be  a s  s m a l l  a s  t h o s e  of t h e  l a s t  few Gemini f l i g h t s  
and r e c e n t  Apol lo  f l i g h t s .  The s p a c e c r a f t  should  splash-down w i t h i n  s i x  o r  
seven  na  m i  o f  t h e  t a r g e t  s o  t h a t  a  s i n g l e  recovery  s h i p  i s  a l l  t h a t  i s  needed. 
I f  a d d i t i o n a l  e s c o r t  s h i p s  a r e  d e s i r e d ,  t h e y  could be  o p e r a t i o n a l  U.S. Navy 
s h i p s  b u t  no c o s t s  have been e s t i m a t e d  f o r  t h e s e .  The c o s t s  a r e  l i s t e d  i n  
Tab le  5-5. 
Table  5-5 
Water Recovery Cos t s  
V e r t i c a l  Water Landing - p e r  s h i p  c o s t s  
Investment  
F a c i l i t i e s  
Equipment 
Opera t  i o n s  
P e r s o n n e l  $132,00O/recovery 
Equipment Maintenance $ 28,8751month 
5 . 4 . 3  Recovery Cos t s  - For t h i s  s t u d y ,  two-s i t e  and f o u r - s i t e  recovery  
networks  were cons idered .  The two-s i t e  networks were new, i d e a l l y  l o c a t e d  o r  
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e x i s t i n g  f a c i l i t i e s .  The f o u r - s i t e  networks  were e x i s t i n g  USAF l a n d  b a s e s  
w i t h i n  CONUS o r  a network of f o u r  ocean recovery  l o c a t i o n s  f a v o r a b l e  f o r  
r e c o v e r y .  
The r e s u l t a n t  c o s t  r e l a t i o n s  a r e  l i s t e d  i n  Tab le  5-6 and a t y p i c a l  example 
i s  shown i n  F i g u r e  5-6. Learning was n o t  a p p l i e d  t o  t h e s e  c o s t s  because  o f  t h e i r  
n a t u r e .  The r a t e  i s  v e r y  non-uniform, t h e  p e r s o n n e l  invo lved  a r e  s u b j e c t  t o  
f r e q u e n t  change,  and t h e  c o s t s  charged are a t  a  b a s i c  f i x e d  r a t e  p e r  hour  whether  
they  a r e  f o r  p e r s o n n e l  o r  maintenance.  Within  t h e  c o n s t r a i n t s ,  i t  seems v a l i d  
t o  n e g l e c t  any c o s t  improvements due t o  l e a r n i n g .  
5 .4 .4  A p p l i c a t i o n  - These d a t a  w i l l  b e  u t i l i z e d  i n  t h e  o p t i m i z a t i o n  model 
t o  do t r a d e - o f f s  between t h e  c o s t  of AV f o r  maneuver and t h e  c o s t  of o p e r a t i n g  
more s i t e s .  I n  q u i c k  r e t u r n  c a s e s ,  t h e r e  can  b e  a  c o s t  r e d u c t i o n  t o  o p e r a t i n g  
more si tes and p r o v i d i n g  l e s s  maneuver c a p a b i l i t y  on t h e  v e h i c l e .  These 
o p e r a t i o n a l  o p t i o n s  w i l l  b e  i n v e s t i g a t e d  d u r i n g  t h e  l a t t e r  phase  
5 . 5  R e c e r t i f i c a t i o n  o r  Refurbishment - This  s u b j e c t  h a s  been t h e  s o u r c e  
of much c o n t r o v e r s y  i n  r e c e n t  y e a r s ,  b u t  l i t t l e  o r  no e x p e r i e n c e  h a s  been g a i n e d  
t o  d a t e .  S e v e r a l  v e h i c l e s  over  t h e  p a s t  few y e a r s  have been recovered  b u t ,  
excep t  f o r  t h o s e  recovered  by a i r  s n a t c h ,  a l l  have been recovered from t h e  w a t e r .  
The e f f e c t s  o f  t h e  w a t e r  immersion have complete ly  overshadowed t h e  d e t e r i o r a t i o n  
due t o  s p a c e f l i g h t .  The Prime program h a s  recovered  a few v e h i c l e s  by a i r  
s n a t c h .  These v e h i c l e s  have been i n  e x c e l l e n t  c o n d i t i o n ,  a l l  sys tems o p e r a t e d  
w i t h i n  p re launch  t o l e r a n c e s  and,  exc lud ing  t h e  i n t e n t i o n a l  s t r u c t u r a l  damage due 
t o  j e t t i s o n i n g  of doors  and c o v e r s ,  t h e  s t r u c t u r e  was i n  e x c e l l e n t  c o n d i t i o n .  
However, t h e y  were  n o t  r e c e r t i f i e d  and re f lown.  
Another s o u r c e  of comparable d a t a  i s  t h e  X-15 r e s e a r c h  program. The 
number of man-hours s p e n t  i n  r e c e r t i f i c a t i o n  was extremely h i g h  a s  compared 
w i t h  o t h e r  r e c e n t  s t u d i e s .  Some of t h e  f a c t o r s  which have been sugges ted  as 
c o n t r i b u t i n g  t o  t h e  h i g h  r e c e r t i f i c a t i o n  a r e  t h a t  t h e  amount of hand work i s  
v e r y  h i g h ,  and t h a t  i t  i s  a  r e s e a r c h  program r a t h e r  t h a n  an  o p e r a t i o n a l  program. 
A r e c e n t  a n a l y s i s  of a i r c r a f t  maintenance exper ience  w a s  cons idered  i n  
Refe rence  5-21. T h i s  d a t a  was used t o  v a l i d a t e  t r e n d s  and l e a r n i n g  r a t e s  
developed from t h e  o t h e r  d a t a ,  s i n c e  t h e r e  i s  l i t t l e  v a l i d  e x p e r i e n c e  on  space-  
c r a f t  sys tems .  
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Table 5-6 
Typical Recovery Costs 
(FOR A 5 RECOVEXY/YEAR RATE) 
Horizontal Vertical 
Ideally Located Two-Site Network 
Investment $16 468 M 
- 
$15.138 M 
- 
Operations/recovery $278,800 $339,560 
Existing AF Base, Two-Site Network 
Investment $ 4.130M 
- 
Operations/Recovery $271,280 
Existing AF Base Four-Site Network 
Investment $ 8.260M 
- 
Operations/recovery $542,560 
Four-Site Water Network 
Investment 
~~erations/recovery 
Abort Recovery/launch 
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Figure 5-6 
RECOVERY COST COMPARISONS 
Recoveries 
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T h e r e f o r e ,  t h e  f o l l o w i n g  a n a l y s e s  were based upon r e c e n t  s t u d i e s .  The man- 
hours  and f low t imes e s t a b l i s h e d  a r e  n e i t h e r  c o n s e r v a t i v e  n o r  o p t i m i s t i c ,  b u t  
r e p r e s e n t  what might b e  p o s s i b l e  i n  a  f u l l y  o p e r a t i o n a l  program. I n i t i a l  c y c l e  
t imes  r e q u i r e  about  f o u r  months,  b u t  l e a r n i n g  would r e d u c e  t h i s  t o  abou t  two 
months a t  abou t  t h e  f i f t i e t h  u n i t .  S i z e ,  c o n f i g u r a t i o n ,  and degree  of i n t e g r a l  
p r o p u l s i o n  a r e  s t r o n g  f a c t o r s  i n  de te rmin ing  t h e  c y c l e  t i m e .  
5 . 5 . 1  A c t i v i t i e s  Inc luded  i n  R e c e r t i f i c a t i o n  - The t e r m  r e c e r t i f i c a t i o n  
was adopted from a i r c r a f t  o p e r a t i o n s  terminology.  I n  t h i s  a n a l y s i s  and i n  t h e  
r e s u l t i n g  o p t i m i z a t i o n  model,  i t  i n c l u d e s  t h e  fo l lowing  s p e c i f i c  c o s t  c a t e g o r i e s :  
T r a n s p o r t a t i o n  - from t h e  recovery  s i t e  t o  t h e  r e f u r b i s h m e n t  s i t e  and 
from t h e r e  t o  t h e  l aunch  s i t e .  
Refurbishment - t h e  r e c o n d i t i o n i n g  of t h e  v e h i c l e  i n t o  a f l i g h t w o r t h y  
system through a  schedu led  maintenance program and a n  a l lowance 
f o r  unscheduled maintenance.  
T e s t i n g  - t h e  r o u t i n e  s e q u e n t i a l  checkout of t h e  r e f u r b i s h e d  v e h i c l e  
s i m i l a r  t o  s p a c e c r a f t  sys tems t e s t s  dur ing  f i n a l  assembly i n  t h e  
p r o d u c t i o n  c y c l e .  
Opera t ion  Spares  - t h o s e  p a r t s  necessa ry  t o  s u p p o r t  t h e  scheduled 
maintenance program w i t h i n  t h e  re fu rb i shment  a c t i v i t i e s .  
Unscheduled Maintenance - r e p a i r  of sys tems f a i l u r e s  done i n  p a r a l l e l  w i t h  
t h e  scheduled maintenance a c t i v i t i e s .  
Rep len i sh  Spares  - t h o s e  p a r t s  n e c e s s a r y  t o  s u p p o r t  t h e  unscheduled 
maintenance a c t i v i t i e s .  
Hot F i r i n g  - when a p p l i c a b l e ,  t h e  t e s t  h o t  f i r i n g  of l a r g e  upper s t a g e  
p r o p u l s i o n  systems which a r e  i n t e g r a l  t o  t h e  s p a c e c r a f t .  
Within  t h e  r e f u r b i s h m e n t  c a t e g o r y ,  a  f u r t h e r  breakdown c o n s i d e r s  t h e  
s t r u c t u r e  and the rmal  p r o t e c t i o n  system re furb i shment  and t h e  o t h e r  subsystems 
r e f u r b i s h m e n t  a s  two independent  f u n c t i o n s .  The s t r u c t u r a l  and the rmal  
p r o t e c t i o n  system r e f u r b i s h m e n t  i n c l u d e s  removal of a c c e s s  d o o r s  and any 
remaining p o r t i o n s  of j e t t i s o n e d  p a n e l s  such as window c o v e r s  o r  l and ing  
g e a r  d o o r s ,  removal of a l l  e x t e r i o r  p a n e l s  scheduled t o  b e  removed,and d e t a i l  
i n s p e c t i o n  of t h e  remaining e x t e r i o r  s u r f a c e  and a l l  exposed s t r u c t u r e  and 
l a n d i n g  g e a r .  Th i s  is fo l lowed  by r e p a i r  o r  replacement  of any damaged 
s t r u c t u r e  o r  e x t e r i o r  s u r f a c e  (unschedule  maintenance)  and t h e  i n s t a l l a t i o n  
of a l l  e x t e r i o r  s u r f a c e s ,  e x c e p t  a c c e s s  p a n e l s ,  and d e t a i l e d  i n s p e c t i o n .  
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Concurrent  w i t h  t h e  s t r u c t u r e  and the rmal  p r o t e c t i o n  r e f u r b i s h m e n t  a c t i v i t i e s ,  
t h e  v a r i o u s  subsystems a r e  s e r v i c e d  o r  r e p l a c e d  and i n s p e c t e d  p e r  t h e  schedu led  
maintenance program. Any o t h e r  f a i l u r e  o r  damage i s  r e p a i r e d  a t  t h i s  t ime .  
When b o t h  phases  o f  t h e  re fu rb i shment  a r e  complete t h e  v e h i c l e  goes  t o  t h e  t e s t i n g  
a c t i v i t i e s .  There  c i r c u i t  i n t e g r i t y  i s  v e r i f i e d  and t h e  o v e r a l l  f l i g h t - w o r t h i n e s s  
of t h e  s p a c e c r a f t  v a l i d a t e d .  
5 .5 .2  Data  from Other  S t u d i e s  - S e v e r a l  r e c e n t  s t u d i e s  have c o n s i d e r e d  t h e  
problems of r e c e r t i f i c a t i o n  o r  r e f u r b i s h m e n t  ( s e e  Refe rences  5-17 th rough  5-20). 
These s t u d i e s  p rov ided  t h e  background d a t a  which l e d  t o  t h e  s p e c i f i c  v a l u e s  
s e l e c t e d  f o r  u s e  i n  t h e  o p t i m i z a t i o n  model. These d a t a  had l i t t l e  commonali ty,  
e x h i b i t i n g  a wide r a n g e  of v a l u e s  f o r  such b a s i c  pa ramete rs  as f low t ime ,  t o t a l  
man-hours r e q u i r e d ,  r e fu rb i shment  man-hours, test man-hours, m a t e r i a l  c o s t s ,  
and c y c l e  c o s t s .  The s p e c i f i c  v a l u e s  a r e  d i s c u s s e d  i n  f o l l o w i n g  paragraphs .  
Flow t i m e  i s  t h e  c a l e n d a r  t ime  r e q u i r e d  t o  p r o c e s s  t h e  s p a c e c r a f t  th rough  
t h e  complete  r e c e r t i f i c a t i o n  c y c l e  from l o a d i n g  a t  t h e  recovery  s i t e  t o  d e l i v e r y  
t o  t h e  l aunch  s i t e .  I n  t h i s  s t u d y  a minimum 3 day t r a n s p o r t a t i o n  p e r i o d  was 
i n c l u d e d  i n  t h e  t o t a l  f low t ime.  It i s  a l s o  assumed t h a t  t h e  e n t i r e  o p e r a t i o n  
is  on a t w o - s h i f t ,  f i v e  day week b a s i s .  The scope of t h e  l a n d i n g  a n a l y s i s  was 
l i m i t e d  t o :  a )  v e r t i c a l  on p a r a c h u t e s  o r  h o r i z o n t a l  on g l i d i n g  c h u t e s  f o r  
b a l l i s t i c  v a h i c l e s ,  o r  b)  h o r i z o n t a l  f o r  l i f t i n g  body v e h i c l e s .  A l l  v e h i c l e s  
had d e t a c h a b l e  the rmal  p r o t e c t i o n  p a n e l s .  The f low t i m e  f o r  t h e s e  v e h i c l e s  
v a r i e d  from 43 .5  days  t o  122 days f o r  a b a l l i s t i c  v e h i c l e  and from 46 d a y s  t o  
1 3 1  days  f o r  a l i f t i n g  body v e h i c l e .  
The r e f u r b i s h m e n t  f low t ime  a l s o  v a r i e d  over  a wide range  of from 21  days  t o  
60 days  f o r  b a l l i s t i c  v e h i c l e s  o r  from 35.4 days  t o  65 days  f o r  l i f t i n g  body 
v e h i c l e s .  The man-hours expended i n  t h i s  a c t i v i t y  on t h e  b a l l i s t i c  v e h i c l e  
covered a n  even wider  range  from a low of from about  2700 t o  a h i g h  of 18 ,400 ,  
b u t  t h e  low v a l u e  was based on a m i l i t a r y  s t a f f i n g  r a t h e r  t h a n  a c i v i l i a n  
i n d u s t r i a l  s t a f f i n g .  A more r e a s o n a b l e  low v a l u e  w a s  6,170 man-hours. The 
r a n g e  of v a l u e s  f o r  t h e  l i f t i n g  body v e h i c l e  was from 9,600 t o  16,500 man-hours. 
I n  a d d i t i o n  t o  t h e s e  man-hours f o r  t h e  schedu led  a c t i v i t i e s ,  t h e r e  was a n  
a d d i t i o n a l  amount of man-hours f o r  i n d i r e c t  l a b o r  charges  amounting t o  over  
t h r e e  t i m e s  a s  much as t h e  d i r e c t  c h a r g e s ,  r ang ing  from about  29,600 t o  55,200 
f o r  t h e  b a l l i s t i c  and abou t  43,400 t o  49,600 f o r  t h e  l i f t i n g  b o d i e s .  
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S i m i l a r l y ,  f o r  t e s t i n g  t h e  f low t ime  v a r i e d  from 8.7  days t o  52 days  f o r  
b a l l i s t i c  v e h i c l e s  and from 10.6  days  t o  56 days f o r  t h e  l i f t i n g  body v e h i c l e s .  
The man-hours involved ranged from 14,600 t o  42,000 f o r  b a l l i s t i c  v e h i c l e s  and 
from 14 ,600  t o  45,375 f o r  l i f t i n g  body v e h i c l e s .  The i n d i r e c t  l a b o r  man-hours 
v a r i e d  from 93,400 t o  126,150 f o r  b a l l i s t i c  v e h i c l e s  and from 93,400 t o  136,125 
f o r  l i f t i n g  body v e h i c l e s .  
I t  was assumed t h a t  t h e  b a s e l i n e  re fu rb i shment  s i t e  would be  t h e  f a c t o r y  
where t h e  v e h i c l e  was b u i l t  o r i g i n a l l y .  Th i s  a l l o w s  a lower i n d i r e c t  r a t e  
t h a n  was used i n  t h e  r e f e r e n c e d  s t u d i e s  s i n c e  much of  t h e  i n d i r e c t  charges  
would b e  p r o r a t e d  over  a l l  o f  t h e  f a c t o r y  a c t i v i t i e s ,  r educ ing  t h e  amount 
borne by any s i n g l e  a c t i v i t y .  Thus,  f o r  t h e  b a s e l i n e ,  a 2 : l  r a t i o  was used 
r a t h e r  t h a n  t h e  3 : l .  The b a s e l i n e  AGE was assumed t o  b e  au tomat ic .  Th i s  
would b e  compat ib le  w i t h  t h e  p r e s e n t  ACE f a c i l i t i e s  a t  t h e  E a s t e r n  T e s t  Range. 
Thus,  t h e r e  have been many s t u d i e s  which have n o t  converged t o  any meaningful  
v a l u e s .  T h e r e f o r e ,  t h e  v a l u e s  t o  b e  used were developed by examining t h e  d a t a  
c o l l e c t e d  i n  t h i s  a n a l y s i s  and adop t ing  a middle-of-the-road approach.  
5 . 5 . 3  Subsystem Expected L i f e  Ana lys i s  - To e v a l u a t e  a n  a c c u r a t e  d o l l a r  
amount f o r  t h e  hardware f o r  schedu led  maintenance ( re fu rb i shment )  and unscheduled 
main tenance ,  t h e  o p e r a t i o n a l  l i f e  of t h e  major components of each subsystem was 
developed.  A review of h i s t o r i c a l  d a t a  c e n t e r e d  on b o t h  a c t u a l  e x p e r i e n c e ,  i . e . ,  
Gemini program, and t h e  r e s u l t s  of s e v e r a l  r e l a t e d  s t u d i e s  ( r e f e r e n c e s  1 7 ,  19 and 
2 0 ) .  The o p e r a t i o n a l  l i f e  of a  component w a s  determined from t h e  e s t i m a t e d  
t o t a l  t e s t  and o p e r a t i o n a l  t ime  s t a r t i n g  a t  t h e  v e n d o r ' s  p l a n t  and c o n t i n u i n g  
through t h e  m i s s i o n .  The t o t a l  u s e f u l  l i f e  of a  subsystem i s  reduced i n i t i a l l y  
by t h e  vendor t e s t  t i m e  and PIA ( p r e i n s t a l l a t i o n  accep tance)  test t ime.  The 
remaining l i f e  of t h e  component i s  t h e n  used i n  m i s s i o n  o p e r a t i n g  t ime  and 
r e c e r t i f i c a t i o n  t e s t i n g  f o r  a s  many m i s s i o n s  a s  p o s s i b l e .  The number of m i s s i o n s  
which can  b e  performed by each component i s  used t o  de te rmine  t h e  number of 
components f o r  t h e  e n t i r e  program. The number of s p a r e  components f o r  unscheduled 
maintenance i s  based on a  p e r c e n t a g e  of t h e  o r i g i n a l  r e fu rb i shment  supp ly .  The 
minimum p e r c e n t  used was 10 p e r c e n t .  For  s e v e r a l  components, e x p e r i e n c e  h a s  
i n d i c a t e d  t h a t  h i g h e r  p e r c e n t s  a r e  r e q u i r e d  f o r  a  r e a l i s t i c  e s t i m a t e  of t h e  
s p a r e s  q u a n t i t y .  Tab le  5-7 p r e s e n t s  t h e  major components of each subsystem,  
t h e  expec ted  l i f e  i n  f l i g h t s ,  and t h e  p e r c e n t  used t o  de te rmine  t h e  s p a r e s  
q u a n t i t i e s .  60 
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Table  5-7 
Refurbishment and Unscheduled Spares  
COMPONENTS EXPECTED NO. 
FLIGHTS 
1 
1 0  
SPARES 
PERCENT 
O E l e c t r i c a l  Power System 
B a t t e r i e s  
Fue l  C e l l s  
O Environmental  C o n t r o l  
O2 Supply and Management 
Heat T r a n s p o r t  C i r c u i t  
Water Supply and Management 
O Guidance and C o n t r o l  
I n e r t i a l  Measuring Uni t  
Computer 
R a t e  Gyros 
Horizon Sensor  Heads 
Radar A l t i m e t e r s  
Rendezvous Radar 
O Telecommunication 
UHF/AM T r a n s c e i v e r s  
Voice  C o n t r o l  Cen te r  
Landing System 
P a r a c h u t e  Subsystem 
Pr imary Chutes  
Drogue Chutes  
Backup Chutes  
Landing Gear Subsystem 
Nose Gear 
Main Gear Skid 
O P r o p u l s i o n  
E n t r y  C o n t r o l  
Engine 
F u e l  and O x i d i z e r  Tanks 
V e r n i e r  Maneuvering 
Engine 
F u e l  and Oxid ize r  Tanks 
Main O r b i t a l  Maneuver 
Engine 
F u e l  and O x i d i z e r  Tanks 
Landing A s s i s t  Rockets  
I n t e g r a l  - Upper S t a g e  
Engine 
L i n e s  and Values  
O Launch Escape 
Tower Mounted S o l i d  Motor 
S t rapon  S o l i d  Motors 
I n t e r n a l  S o l i d  Motors 
1 
1 
I n d e f .  
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5 .5 .4  R e c e r t i f i c a t i o n  Man-hours - The d a t a  p r e s e n t e d  i n  S e c t i o n  5 .5 .2  must 
b e  o rgan ized  i n  such  a  way as t o  be  s e n s i t i v e  t o  t h e  wide r a n g e  of v e h i c l e  p a r a -  
m e t e r s .  The a c t i v i t i e s  cons idered  a r e  t h e  s t r u c t u r a l  and thermal  p r o t e c t i o n  
r e f u r b i s h m e n t ,  t h e  o t h e r  subsystem r e f u r b i s h m e n t ,  and t e s t i n g .  
5 . 5 . 4 . 1  S t r u c t u r e  and Thermal P r o t e c t i o n  Refurbishment - There  were two 
impor tan t  assumptions  made concerning t h e  the rmal  p r o t e c t i o n  systems:  (1)  a l l  
a b l a t i v e  e x t e r i o r  s u r f a c e  p a n e l s  a r e  removed and r e p l a c e d  each t ime t h e  v e h i c l e  
c y c l e s  through r e c e r t i f i c a t i o n ,  and ( 2 )  twenty p e r c e n t  of t h e  r a d i a t i v e  e x t e r i o r  
s u r f a c e  p a n e l s  i s  r e p l a c e d  on each c y c l e  through r e c e r t i f i c a t i o n  w i t h  t h e  e x t e r i o r  
s u r f a c e  r e c e i v i n g  100 p e r c e n t  i n s p e c t i o n .  
The d a t a  o f  Refe rence  5-18 w a s  a d j u s t e d  and conver ted  i n t o  p a r a m e t r i c  d a t a  
which cons idered  t h e  t o t a l  d i r e c t  man-hours f o r  removal ,  replacement  and i n s p e c t i o n ,  
t h e  s u r f a c e  a r e a  invo lved ,  and t h e  above assumptions .  R a d i a t i v e  p a n e l  replacement  
i s  l i m i t e d  t o  20 p e r c e n t  of t h e  t o t a l  r a d i a t i v e  s u r f a c e  d u r i n g  each r e f u r b i s h m e n t ,  
b u t  t h e r e  is  s t i l l  100 p e r c e n t  i n s p e c t i o n  of a l l  of t h e  r a d i a t i v e  s u r f a c e .  T h i s  h a s  
t h e  e f f e c t  of i n c r e a s i n g  t h e  i n s p e c t i o n  t ime  r e l a t i v e  t o  t h e  removal and rep lacement  
t ime f o r  t h e  number of p a n e l s  r e p l a c e d .  The p a r a m e t r i c  d a t a  i s  based upon t h e  a r e a s  
a c t u a l l y  r e p l a c e d .  
These d a t a  a r e  based on t h e  c o s t s  f o r  r e p l a c i n g  r a t h e r  s m a l l  (20 i n c h  s q u a r e )  
p a n e l s .  Pane l  s i z e s  t o  40 i n c h e s  s q u a r e  a r e  cons idered  i n  t h i s  s t u d y .  But t h e  
e f f e c t  upon t h e  man-hours r e q u i r e d  t o  remove and r e p l a c e  a  p a n e l  i s  n e a r l y  c o n s t a n t  
because  t h e  t ime  r e q u i r e d  i s  f o r  removal of f a s t e n e r s  and s t r a p s ,  i n s p e c t i o n  of t h e  
i n n e r - s t r u c t u r e ,  i n s t a l l a t i o n  of t h e  new p a n e l  and r e i n s t a l l a t i o n  of t h e  f a s t e n e r s  
and s t r a p s .  The f a s t e n e r s  a r e  a t t a c h e d  a t  each frame, r e g a r d l e s s  of how many f rames 
a r e  spanned by one p a n e l .  Thus, t h e r e  is  no r e a l  d i f f e r e n c e  i n  whether one 40 i n c h  
s q u a r e  p a n e l  i s  r e p l a c e d  o r  f o u r  20 inch  s q u a r e  p a n e l s  a r e  r e p l a c e d ,  t h e  t o t a l  man- 
h o u r s  invo lved  a r e  t h e  same. Thus, t h e s e  s t r u c t u r a l  r e fu rb i shment  c o s t s  a r e  n o t  
s e n s i t i v e  t o  p a n e l  s i z e .  The p a n e l  m a t e r i a l  c o s t s  a r e  s e n s i t i v e  t o  s i z e ,  and t h i s  i s  
c o n s i d e r e d  i n  t h e  c o s t  model p o r t i o n  of t h i s  s t u d y .  The r e s u l t s  were a s  f o l l o w s :  
A b l a t i v e  P a n e l s  - 10.4  d i r e c t  man-hours pe r  s q u a r e  f o o t  a c t u a l l y  r e p l a c e d  
R a d i a t i v e  P a n e l s  - 32.0 d i r e c t  man-hours p e r  s q u a r e  f o o t  a c t u a l l y  r e p l a c e d  
(approximately  6 . 4  man-hours p e r  s q u a r e  f o o t  of s u r f a c e )  
F i n s ,  Elevons ,  - 6 .4  d i r e c t  man-hours p e r  s q u a r e  f o o t  a c t u a l l y  r e p l a c e d  
Nose Caps 
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A s  t h e  r e c e r t i f i c a t i o n  cyc le  cont inues ,  l ea rn ing  should reduce t h e  t o t a l  
man-hours f o r  a  g iven  cyc le .  No d a t a  e x i s t s  on s p a c e c r a f t  r e c e r t i f i c a t i o n ,  
bu t  assuming a i r c r a f t  experience a s  presented  i n  Reference 5-21 i s  r e p r e s e n t a t i v e  
of t h e  t r end ,  a  75 percent  l ea rn ing  i s  assumed f o r  t h e  i n i t i a l  r a t e .  At t h e  
l O l s t  pass  through t h e  r e c e r t i f i c a t i o n  c y c l e , t h i s  r a t e  changes t o  an 85 percent  
r a t e  f o r  a l l  subsequent passes .  This  i s  a r b i t r a r y ,  bu t  i s  based on a i r c r a f t  
experience t h a t  i n d i c a t e s  d i s t i n c t  changes i n  l ea rn ing  r a t e s  a f t e r  a  c e r t a i n  
number of v e h i c l e  d e l i v e r i e s .  
These man-hour f a c t o r s  w i l l  permit  t h e  t o t a l  d i r e c t  man-hours involved 
i n  t h e  s t r u c t u r e  and thermal p r o t e c t i o n  system refurbishment  t o  be  ca l cu la t ed  
a s  a  func t ion  of a  v e h i c l e  parameter - t h e  wetted a r e a  o r  e x t e r i o r  s u r f a c e  
a r e a  of t h e  v e h i c l e .  I n  a d d i t i o n  t o  t hese  d i r e c t  man-hours, t h e r e  a r e  i n d i r e c t  
man-hour c o s t s  f o r  t h i s  a c t i v i t y .  For each man-hour spent  d i r e c t l y  working on 
t h e  v e h i c l e ,  t h e r e  a r e  two spent  i n  suppor t .  Thus, t h e  t o t a l  man-hours involved 
i n  t h e  refurbishment  and thermal p r o t e c t i o n  i s  t h e  sum of t h e  d i r e c t  and 
i n d i r e c t  manhours o r  t h r e e  t imes t h e  va lues  ca l cu la t ed  by t h e s e  r e l a t i o n s h i p s .  
These i n d i r e c t  man-hours a r e  r equ i r ed  t o  ensure the  m a t e r i a l s  a r e  a t  hand f o r  
t h e  smooth flow of work a s  t h e  v e h i c l e  i s  processed through r e c e r t i f i c a t i o n .  
S t r u c t u r e  & Thermal P ro t ec t ion  Subsystem Refurbishment To ta l  Manhours 
Abla t ive  Panels  = 31.2 man-hours per  square  f o o t  of su r f ace  
Radia t ive  Panels  = 19.2 man-hours per  square f o o t  of su r f ace  
F ins ,  Elevons, Nose Caps = 19.2 man-hours per  square f o o t  of su r f ace  
I n  a d d i t i o n  t o  man-hours, t h e  work f o r c e  s i z e  a s  a  func t ion  of e x t e r i o r  
s u r f a c e  a r e a  was determined from t h e  same d a t a  a s  fol lows:  
Abla t ive  Panels  - 27.1 square f e e t  per  man 
Rad ia t ive  Panels  - 8.8 square  f e e t  per  man 
These va lues  r e f l e c t  t h e  two assumptions previous ly  d iscussed ,  p a r t i c u l a r l y  
t h a t  20 percent  of t he  t o t a l  r a d i a t i v e  s u r f a c e  which inc ludes  f i n s ,  e levons,  and 
nose caps i s  rep laced  on each cyc le  through r e c e r t i f i c a t i o n .  These f o r c e  s i z e  
va lues  a r e  c o n s i s t e n t  w i th  t h e  t o t a l  man-hours d iscussed  previous ly .  
5.5.4.2 Subsystem Refurbishment - Reference 5-20 presented  man-hour va lues  
f o r  t h e  s e r v i c i n g  and in spec t ion  of t h e  subsystems of t h e  v e h i c l e .  These were 
r e p r e s e n t a t i v e  of t h e  expected va lues  f o r  a  m i l i t a r y  s t a f f i n g ,  b u t  were a l s o  
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r e p r e s e n t a t i v e  of t h e  r e l a t i v e  e f f o r t  r e q u i r e d  t o  r e c e r t i f y  each subsystem. 
The r e f e r e n c e  d a t a  d i d  n o t  i n c l u d e  t h e  s e r v i c i n g  of a  l a r g e  i n t e g r a l  p r o p u l s i o n  
system such a s  t h i s  s t u d y  c o n s i d e r s ,  b u t  f o r  a l l  o t h e r  subsystems i t  has  
p rov ided  r e a s o n a b l e  b a s e l i n e  d a t a .  
The v a l u e s  a r e  p r e s e n t e d  i n  Tab le  5-8 and t o t a l  5 ,176 man-hours f o r  t h e  
b a l l i s t i c  v e h i c l e s  of c o n f i g u r a t i o n  I B  and 5 ,433  man-hours f o r  a n  M2-F2 v e h i c l e  
of c o n f i g u r a t i o n  I I B .  These r e p r e s e n t  t h e  d i r e c t ,  f i r s t  u n i t  man-hour c o s t  t o  
r e f u r b i s h  t h e  v a r i o u s  subsystems on-board t h e  v e h i c l e .  The assumed l e a r n i n g  
r a t e  i s  85 p e r c e n t .  As d i s c u s s e d  f o r  t h e  s t r u c t u r e  and the rmal  p r o t e c t i o n  
system,  t h e r e  i s  a  two-for-one r a t i o  of i n d i r e c t  o r  s u p p o r t i n g  man-hours t o  
d i r e c t  man-hours. Thus, t h e  t o t a l  f i r s t  u n i t  subsystem re furb i shment  man-hours 
a r e  15,528 and 16,299,  r e s p e c t i v e l y ,  f o r  a  b a l l i s t i c  and M2-F2 v e h i c l e .  
For c o n f i g u r a t i o n s  D ,  E, and F u t i l i z i n g  i n t e g r a l  upper  s t a g e  p r o p u l s i o n ,  
an  a d d i t i o n a l  increment  of 3600 man-hours (1200 d i r e c t ,  2400 i n d i r e c t )  f o r  e a c h  
eng ine  i s  added t o  t h e  above v a l u e s  f o r  t h e  re fu rb i shment  of t h e  i n t e g r a l  
p r o p u l s i o n  system.  T h i s  p r o v i d e s  f o r  t h e  maintenance and s e r v i c i n g  of each  
e n g i n e ,  t h e  i n s p e c t i o n  of t h e  v a l v e s  and r e g u l a t o r s  on e a c h  e n g i n e ,  replacement  
of s q u i b s  and p y r o t e c h n i c  d e v i c e s  ( i f  any a r e  u s e d ) ,  and re fu rb i shment  of t h e  
feed  system.  The r e f u r b i s h m e n t  of i n t e g r a l  t ankage  i s  i n c l u d e d  i n  t h e  s t r u c t u r a l  
r e fu rb i shment  through t h e  u s e  of s i z e  f a c t o r s .  
5 .5 .4 .3  T e s t i n g  a f t e r  Refurbishment  - P r e s e n t  a i r c r a f t  p r a c t i c e ,  f o l l o w i n g  
a  major  o v e r h a u l ,  i s  t o  r u n  t e s t s  on a l l  sys tems t o  e n s u r e  t h a t  they  a r e  o p e r a t i n g  
w i t h i n  t h e  p r e s c r i b e d  t o l e r a n c e s .  I t  is  assumed t h a t  a  s i m i l a r  t y p e  of f u n c t i o n a l  
t e s t i n g  w i l l  b e  conducted on t h e  s p a c e c r a f t  a s  t h e  l a s t  s t e p  i n  t h e  r e c e r t i f i c a -  
t i o n  f low.  T h i s  t e s t i n g  would be  s i m i l a r  t o  t h e  s p a c e c r a f t  sys tems t e s t  o f  t h e  
p r o d u c t i o n  c y c l e ,  and ,  i f  t h e  re fu rb i shment  w a s  done a t  t h e  p roduc t ion  f a c i l i t y ,  
would u t i l i z e  t h e  same t e s t  equipment.  
The d i r e c t  t ime r e q u i r e d  i s  e s t i m a t e d  t o  be  7020 man-hours. Applying t h e  
two f o r  one i n d i r e c t  t o  d i r e c t  r a t i o ,  t h e  t o t a l  t e s t i n g  man-hours i s  21,060 f o r  
a l l  v e h i c l e s  n o t  u t i l i z i n g  i n t e g r a l  upper s t a g e  p r o p u l s i o n .  A 90% l e a r n i n g  f a c t o r  
was a p p l i e d .  
T e s t i n g  of i n t e g r a l  upper s t a g e  p r o p u l s i o n ,  c o n f i g u r a t i o n s  D ,  E, and F ,  
w i l l  add a n  increment  t o  t h e  t e s t i n g  man-hours. There  i s  no d a t a  upon which t o  
b a s e  a  v a l u e  f o r  t h i s  increment  b u t  i t  was e s t i m a t e d  t h a t  abou t  1375 man-hours 
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D i r e c t  Subsystem Refurbishment Manhours 
B a l l i s t i c  Vehic le  
P r e p a r a t i o n  
P r o p u l s i o n  
ECS and Crew Systems 
E l e c t r i c a l  
TTC and V 
G and N 
Landing and Chutes 
Misce l l aneous  
M2-F2 V e h i c l e  
P r e p a r a t i o n  
P r o p u l s i o n  
ECS and Crew Systems 
E l e c t r i c a l  
TTC and V 
G and N 
Aero C o n t r o l s  
Landing 
Misce l l aneous  
REPORT NO. G975 
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D i r e c t  1st Uni t  Manhours 
731 
1080 
1287 
320 
261 
3 08 
612 
Increment  f o r  I n t e g r a l  Upper S t a g e  P r o p u l s i o n  Engine 1200 
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( d i r e c t  and i n d i r e c t )  would b e  r e q u i r e d  f o r  each i n t e g r a l  p r o p u l s i o n  e n g i n e  
be ing  t e s t e d .  Thus, f o r  t h e s e  c o n f i g u r a t i o n s  having a  s i n g l e  i n t e g r a l  p r o p u l s i o n  
eng ine ,  t h e  t o t a l  t e s t i n g  w i l l  r e q u i r e  22,435 man-hours. 
I f  a  h o t  f i r i n g  t e s t  of t h e  i n t e g r a l  upper  s t a g e  p r o p u l s i o n  system i s  
r e q u i r e d ,  a n o t h e r  increment  must b e  added t o  account  f o r  t h e  man-hours a t  t h e  
t e s t  s i t e .  The magnitude of t h i s  e f f o r t  is  v e r y  d i f f i c u l t  t o  a s s e s s ;  b u t ,  
assuming t h e  e f f o r t  i s  comparable t o  p r e s e n t  t e s t  f i r i n g  e x p e r i e n c e ,  a v a l u e  
of 12,000 man-hours is e s t i m a t e d  f o r  t h e  h o t  f i r i n g  t e s t .  
For  t h e  b a s e l i n e  v a l u e s  above,  i t  was assumed t h a t  a n  a u t o m a t i c  checkout  
AGE which w a s  compat ib le  w i t h  p r e s e n t  ACE system o p e r a t i o n s  would b e  used.  
The e f f e c t  of a  v a r i a t i o n  i n  t h i s  AGE ph i losophy  on man-hours and f l o w  t i m e  
i s  d i s c u s s e d  i n  S e c t i o n  5 .5 .6 .  
5 . 5 . 5  E f f e c t  of AGE Phi losophy - There  a r e  f o u r  AGE o p t i o n s  a v a i l a b l e  
t o  t h e  sys tem manager. These cover  t h e  r a n g e  of phi losophy from s i m p l e  t o  
complex, and each has  a n  e f f e c t  upon t h e  f low t ime of t h e  re fu rb i shment  c y c l e  
by i n c r e a s i n g  o r  d e c r e a s i n g  t h e  t e s t  t ime .  
T h i s  s t u d y  assumed t h a t  a u t o m a t i c  AGE, compat ib le  w i t h  ACE, w a s  t h e  
b a s e l i n e .  I f  t h e  u s e r  used semi-automatic o r  manual t e s t  equipment,  t h e  
t e s t  t ime  was assumed t o  b e  i n c r e a s e d  by a  f a c t o r  of 1 .15  o r  1 .35 ,  r e s p e c t i v e l y .  
For a u t o m a t i c  w i t h  on-board checkout ,  t h e  t ime i s  reduced t o  95 p e r c e n t  of t h e  
b a s e l i n e  v a l u e s .  
~ h u s ,  t h e  b a s e l i n e  SST t e s t  t imes  f o r  each of t h e  AGE approaches  is:  
Manhours Days Flow-Time 
Manual 28,530 56.7 
Semi-Automatic 24,250 48.3 
Automatic 21,060 B a s e l i n e  42.0 
Automatic w/on-board C . O .  20,030 39.9 
I t  must be  s t r e s s e d  t h a t  a l l  of t h e s e  v a l u e s  a r e  e s t i m a t e s  w i t h  l i t t l e  
d a t a  t o  j u s t i f y  any one v a l u e .  They a r e  a n  a t t e m p t  t o  i d e n t i f y  t h e  o p e r a t i o n a l  
i n f l u e n c e s  on t h e  s u b j e c t  sys tems .  
VOLUME I1 
BOOK 2 
OPTIMIZED COST/;PERFORMANCE 
DESIGN METHODOLOGY 
REPORT NO. G975 
15 APRIL 1969 
I f  SST t e s t i n g  i s  e l i m i n a t e d ,  t h e  t e s t  t imes  f o r  each approach is:  
Manhour s Days Flow Time 
Manual 5700 1 8 . 9  
Semi-Automatic 4850 1 6 . 1  
Automatic 4212 1 4 . 0  
Automatic w/on-board C .O .  4000 1 3 . 3  
5 .6  Turn-around Time - Turn-around t ime  i s  t h e  t ime r e q u i r e d  t o  t r a n s p o r t  a 
s p a c e c r a f t  from t h e  r e c o v e r y  s i t e  t o  t h e  re fu rb i shment  f a c i l i t y ,  r e c o n d i t i o n  and 
r e c e r t i f y  t h e  v e h i c l e  i n c l u d i n g  complete t e s t i n g  i f  d e s i r e d ,  t r a n s p o r t  i t  t o  t h e  
l a u n c h  s i te ,  and t h e  p r e l a u n c h  p r e p a r a t i o n  through t h e  countdown. There a r e  t h r e e  
l o g i c a l  p a r t s  t o  t h i s  t o t a l  f l o w  t ime ,  and each is  d i s c u s s e d  i n  t h e  f o l l o w i n g  
s e c t i o n s .  
5 .6 .1  T r a n s p o r t a t i o n  Flow Time - T r a n s p o r t a t i o n  can be by any one of t h r e e  
modes, l a n d ,  w a t e r ,  o r  a i r .  A i r  t r a n s p o r t  wo~l ld  r e q u i r e  one day f low t ime  f o r  each 
movement, o r ,  f o r  a two-move r e c e r t i f i c a t i o n ,  a  t o t a l  of two days  would b e  a l lowed 
f o r  t r a n s p o r t a t i o n .  For l a n d  t r a n s p o r t ,  i t  is assumed t h a t  a maximum r a t e  of 300 
m i l e s  p e r  day cou ld  be  expec ted .  A t y p i c a l  t o t a l  t r i p  l e n g t h  from a f a v o r a b l y  
l o c a t e d  l a n d i n g  s i t e  t o  t h e  f a c t o r y  t o  t h e  Cape would be  a b o u t  3000 m i l e s ,  o r  a  
t r i p  from n e a r  Tacoma, Washington, t o  Cape Kennedy. Thus, a  f low t i m e  of a t  l e a s t  
1 0  work days  o r  1 4  c a l e n d a r  days  i s  expec ted .  
Water t r a n s p o r t  is  much slower,making abou t  125 m i l e s  pe r  day.  Also ,  a  
b a r g e  t r i p  would much l o n g e r  i n  t r a v e l i n g  from t h e  r e c o v e r y  s i t e  t o  t h e  f a c t o r y  
t o  t h e  Cape. The t o t a l  w a t e r  t r i p  i s  about  5800 m i l e s ,  o r  abou t  47 c a l e n d a r  
days  t r a v e l  t ime. P r e p a r a t i o n  f o r  re fu rb i shment  i n v o l v e s  o f f - l o a d i n g  t h e  v e h i c l e  
from i t s  t r a n s p o r t e r ,  t r a n s f e r r i n g  i t  t o  t h e  hand l ing  d o l l y s  and f i x t u r e s  f o r  
r e f u r b i s h m e n t ,  and p o s i t i o n i n g  t h e  v e h i c l e  on i t s  d o l l y s  a t  t h e  s t a r t  of t h e  
r e f u r b i s h  l i n e .  T h i s  i s  assumed t o  r e q u i r e  a f i x e d  amount of f low t ime,  b u t  a 
v a r i a b l e  amount of man-hours. The f low t ime  assumed was 1 6  h o u r s  o r  one day f o r  
each o f f - l o a d i n g .  
For  expendable  v e h i c l e s ,  t h e r e  i s  on ly  a  one day a i r  t r i p ,  a  1 0  c a l e n d a r  day 
l a n d  t r i p  o r  a 38 c a l e n d a r  day barge  t r i p  from t h e  f a c t o r y  t o  t h e  l aunch  s i t e .  Again 
t h e  one day o f f - l o a d i n g  t ime  is r e q u i r e d .  
I n  summary t h e  f l o w  t ime  f o r  t r a n s p o r t a t i o n  i s :  
For expendable  v e h i c l e  and i n i t i a l  d e l i v e r i e s :  
Calendar  d a y s  f l o w  t ime  = 2  ATS + 11 LTS + 39 WTS 
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For Reusable  V e h i c l e s  a f t e r  F i r s t  F l i g h t  
Calendar  Days Flow Time = 4ATS + 16LTS + 49WTS 
where : 
ATS = A i r  T r a n s p o r t a t i o n  Switch 1 = y e s ,  0  = no 
LTS = Land T r a n s p o r t a t i o n  Switch 1 = y e s ,  0  = no 
WTS = Water T r a n s p o r t a t i o n  Switch 1 = y e s ,  0  = no 
There  a r e  s i z e  l i m i t a t i o n s  on l and  and a i r  t r a n s p o r t a t i o n  modes. P r e s e n t  
l a n d  t r a n s p o r t  l i m i t s  a r e  12 f o o t  d iamete r  and 60 f o o t  l e n g t h .  The "Super Guppy" 
w i l l  h a n d l e  up t o  25 f o o t  d iamete r  and 70 f o o t  l e n g t h .  The weight  l i m i t a t i o n  f o r  
t h e  "Super Guppy'' is  about  40,000 pounds. There a r e  no r e a l  weight  l i m i t a t i o n s  
f o r  l a n d  t r a n s p o r t a t i o n  s i n c e  t h e  l a r g e s t  v e h i c l e  t h a t  can b e  t r a n s p o r t e d  i s  
r e l a t i v e l y  s m a l l  and of modest d r y  weight .  
5 .6 .2  R e c e r t i f i c a t i o n  Flow Time - Flow t ime  f o r  r e c e r t i f i c a t i o n  i s  s t r o n g l y  
i n f l u e n c e d  by t h e  s i z e  of t h e  v e h i c l e .  I n  f low t ime ,  s i z e  i n f l u e n c e s  a l l  phases  
o f  t h e  r e c e r t i f i c a t i o n  c y c l e .  A l a r g e  i n t e g r a l  v e h i c l e  can  b e  e a s i l y  t r a n s p o r t e d  
o n l y  by b a r g e ,  which is v e r y  slow, a s  compared t o  a i r  t r a n s p o r t ,  which could ,move 
t h e  recovered  v e h i c l e  a c r o s s  t h e  coun t ry  i n  l e s s  t h a n  one day.  The l a r g e r  t h e  
v e h i c l e  going through t h e  r e f u r b i s h m e n t ,  t h e  l o n g e r  i t  w i l l  t a k e .  I f  t h e r e  a r e  
upper  s t a g e  p r o p u l s i o n  system components i n  t h e  v e h i c l e ,  i t  can a l s o  r e q u i r e  a  
h o t  f i r i n g  t e s t  which would r e q u i r e  about  30 days more f low t ime .  
5 . 6 . 2 . 1  S t r u c t u r a l  Refurbishment Flow Time - The f low t ime  i s  a  f u n c t i o n  
of t h e  s i z e  o f  t h e  v e h i c l e .  Based on d a t a  from Refe rences  5-18 and 5-20, t h e  
fo l lowing  r e l a t i o n s h i p s  were developed f o r  t h e  f i r s t  u n i t  f low time: 
A b l a t i v e  V e h i c l e  Flow Time ( i n  hours )  = 120.2 + $ 0 5  A 
'2- 
R a d i a t i v e  V e h i c l e  Flow Time ( i n  hours )  = 120.2  + .06 A, 
& '  
FIixed A b l a t i v e - R a d i a t i v e  Flow Time ( i n  hours )  = 120.2 + $ 0 5  A + .06 AR A 
where:  A = e x t e r i o r  a b l a t i v e  s u r f a c e  a r e a ,  A 
= e x t e r i o r  r a d i a t i v e  s u r f a c e  a r e a .  
The s i z e  e f f e c t s  a r e  provided by t h e  s u r f a c e  a r e a  v a r i a b l e  s i n c e  t h e  l a r g e r  
t h e  v e h i c l e  t h e  more s u r f a c e  a r e a  w i l l  be r e f u r b i s h e d  and t h e  more f low t i m e  w i l l  
b e  r e q u i r e d .  
These r e l a t i o n s h i p s  w i l l  d e f i n e  a  s t r u c t u r a l  r e fu rb i shment  f low time which i s  
c o n s i s t e n t  w i t h  t h e  man-hours d i s c u s s e d  i n  S e c t i o n  5.5.5.  A t y p i c a l  smal l  b a l l i s t i c  
modular v e h i c l e  might have a  138-140 hour f low t ime o r ,  on a  f ive-day,  two-sh i f t  
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week, an  e i g h t  work-day f low,  o r  a  1 0  calendar-day f low.  S i n c e  s u r f a c e  a r e a  i s  a  
f u n c t i o n  of c o n f i g u r a t i o n ,  t h i s  one r e l a t i o n s h i p  w i l l  d e f i n e  f low t i m e  f o r  b o t h  
c o n f i g u r a t i o n s  w i t h i n  t h e  c o n t e x t  of t h i s  s t u d y .  
5.6.2.2 Subsystem Refurbishment Flow Time - Subsystem re furb i shment  f low t ime 
i s  e s s e n t i a l l y  a  c o n s t a n t  v a l u e  f o r  each c o n f i g u r a t i o n ,  excep t  f o r  a n  i n c r e m e n t a l  
i n c r e a s e  when t h e  v e h i c l e  h a s  i n t e g r a l  upper  s t a g e  p ropu ls ion .  The b a s e l i n e  f i r s t  
u n i t  f low t ime  f o r  t h e  b a l l i s t i c  s p a c e c r a f t  i s  assumed t o  be  448 hours ,  and f o r  t h e  
M2-F2 s p a c e c r a f t  is  assumed t o  be  496 hours .  The s m a l l  d i f f e r e n c e  i s  p r i m a r i l y  
due t o  t h e  aerodynamic c o n t r o l  h y d r a u l i c  system. It  i s  assumed t h a t  96 a d d i t i o n a l  
hours  w i l l  be  r e q u i r e d  t o  r e c o n d i t i o n  each of t h e  upper s t a g e  p r o p u l s i o n  e n g i n e s  
d u r i n g  t h e  f i r s t  r e c e r t i f i c a t i o n  c y c l e .  The r e l a t i o n s h i p s  used i n  t h e  OCPDM model 
f o r  f i r s t  u n i t  f low t ime a r e :  
For b a l l i s t i c  v e h i c l e s :  
Subsystem Flow Time ( i n  hours )  = 448 + 96 NE 
For M2-F2 v e h i c l e s :  
Subsystem Flow Time ( i n  hours )  = 496 + 96 NE 
where: NE = number of eng ines  i n  i n t e g r a l  upper s t a g e  p ropu ls ion .  
These v a l u e s  are c o n s i s t e n t  w i t h  t h e  man-hour e s t i m a t e s  of S e c t i o n  5.5.5;  and,  
t o g e t h e r  w i t h  t h e  man-hours, i n d i c a t e  a  t o t a l  work f o r c e  of about  34 men, d i r e c t  and 
i n d i r e c t ,  working on a  two-sh i f t  b a s i s  on t h e  subsystem re furb i shment .  
5.6.2.3 T e s t i n g  Flow Times - T h i s  f l o w  t ime depends upon re fu rb i shment  t e s t i n g  
ph i losophy ,  t h e  p resence  o r  absence  of upper s t a g e  p r o p u l s i o n ,  t y p e  of AGE, and 
whether t h e  upper  s t a g e  p r o p u l s i o n  i s  g i v e n  a  h o t  f i r i n g  t e s t  d u r i n g  r e c e r t i f i c a t i o n .  
Each adds  t o  t h e  t ime  r e q u i r e d  t o  complete  t h e  t e s t i n g  a f t e r  t h e  v e h i c l e  h a s  been 
r e f u r b i s h e d .  
I n  t h i s  s t u d y  we have cons idered  t h r e e  re fu rb i shment  p h i l o s o p h i e s :  (1)  
scheduled maintenance w i t h  f u l l  SST t e s t i n g  and h o t - f i r i n g  t e s t i n g  of t h e  upper  
s t a g e  p r o p u l s i o n ,  (2)  scheduled maintenance w i t h  f u l l  SST t e s t i n g  b u t  no h o t - f i r i n g  
t e s t i n g  of t h e  upper  s t a g e  p r o p u l s i o n ,  and (3) scheduled maintenance w i t h  on ly  
c o n t i n u i t y  checkout  - no SST t e s t i n g  nor  h o t - f i r i n g  t e s t i n g .  T h i s  t h i r d  approach 
r e l i e s  upon t h e  on-pad t e s t i n g  d u r i n g  t h e  pre-launch o p e r a t i o n s  t o  v e r i f y  t h e  f l i g h t  
r e a d i n e s s  of t h e  v e h i c l e .  The AGE e f f e c t  has  been d i s c u s s e d  i n  5.5.6. 
For t h i s  s t u d y  i t  was assumed t h a t  t h e  f u l l  SST t e s t i n g  would r e q u i r e  42 work 
days ,  t e s t i n g  of t h e  upper s t a g e  p r o p u l s i o n  would r e q u i r e  a n  a d d i t i o n a l  4 work days  
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per  eng ine ,  I f  a  h o t - f i r i n g  i s  d e s i r e d ,  a n  a d d i t i o n a l  30 work days  w i l l  b e  
r e q u i r e d .  When t h e  t e s t i n g  i s  l i m i t e d  t o  t h e  c o n t i n u i t y  checkout  o n l y ,  i t  i s  assumed 
t h a t  i t  would r e q u i r e  1 6  work days .  A l l  of t h e s e  a r e  f i r s t  u n i t  t i m e s  s u b j e c t  
l e a r n i n g  d i s c u s s e d  i n  t h e  n e x t  paragraph.  
I n  summary, t h e  t e s t i n g  f i r s t  u n i t  f low t ime  i s  d e f i n e d  by: 
( 1  - .67 REF)(42 + 4NE) + 30 HFT 
where: REF = T e s t  D e l e t i o n  Switch 1 = y e s ,  0  = no 
NE = Number of Engines i n  Upper S t a g e  P r o p u l s i o n  
HFT = Hot- f i r ing  T e s t  Switch 1 = y e s ,  0  = no 
5 .6 .2 .4  R e c e r t i f i c a t i o n  Flow Time Learning - Based on t h e  v a r i o u s  s t u d i e s  
reviewed,  i t  was assumed t h a t  a  90% improvement r a t e  was a  r e a s o n a b l e  v a l u e  t o  
expec t  f o r  f l o w  t ime.  There  i s  some a i r c r a f t  d a t a  which i n d i c a t e s  t h a t  somewhere 
between 85% and 90% i s  t h e  expected range  of improvement on t h i s  t y p e  of scheduled 
maintenance,  and i s  v e r y  s e n s i t i v e  t o  t h e  s i z e  and performance of t h e  a i r c r a f t .  
These s p a c e c r a f t  a r e  g e n e r a l l y  more r e l a t e d  t o  high-performance a i r c r a f t  t h a n  t o  
l a r g e  passenger /ca rgo  a i r c r a f t ,  and hence t h e  90% r a t e  i s  used i n  t h e  OCPDM model. 
We have used t h e  cum-unit s t a t e m e n t  of improvement a s  fo l lows :  
NR N-.152 
1 
where: NR = Number of r e c e r t i f i c a t i o n s .  
5 .6 .3  Pre launch  Flow Time - Every space  program r e q u i r e s  a  f i n i t e  amount of 
t ime t o  complete  t h e  launch o p e r a t i o n s .  Th i s  t ime,  from a r r i v a l  a t  t h e  launch s i t e  
u n t i l  l aunch ,  h a s  been c a l l e d  t h e  p re launch  f low t ime i n  t h i s  s tudy .  Th is  t ime  on 
t h e  Gemini program v a r i e d  between 120 and 55 days ,  and d i d  i n d i c a t e  a  l e a r n i n g  t r e n d .  
I n  t h e  Gemini Program, t h e  f i r s t  two d a t a  p o i n t s  r e p r e s e n t  t h e  unmanned launches  
of Gemini I1 and 111. The subsequent  d a t s  p o i n t s  r e p r e s e n t  t h e  manned launches .  
T h i s  d a t a  was f i t  by a  l e a r n i n g  curve  e q u a t i o n  t o  de te rmine  t h e  t r e n d .  The r e s u l t a n t  
e q u a t i o n  i s :  
Uni t  Flow Time = 1 0 8 m  -. 188 
T h i s  e q u a t i o n  and t h e  d a t a  p o i n t s  a r e  shown i n  F igure  5-7. 
The Pre launch  Flow Time can be  d i v i d e d  i n t o  two p a r t s ,  t h e  assembly t ime  and 
t h e  t e s t  and checkout t ime.  Review of t h e  exper ienced s c h e d u l e s  i n d i c a t e s  a  s p l i t  
of 63% - 37% between i n d u s t r i a l  a r e a  and on-pad f low t imes.  I f  we a l s o  c o n s i d e r  
t h e  t y p e  of AGE i n  t h e  f low t ime,  t h e  e q u a t i o n  t a k e s  t h e  form 
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Figure 5-7 
GEMINI DATA 
PRELAUNCH FLOW TIME 
10 
Attempted Launches 
7 1 
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Uni t  Flow Time = (68 + 35 AGEF)CN-' 188 
where : 
AGEF i s  t h e  AGE f a c t o r  d e f i n e d  as 
Manual, Van mounted AGE: AGEF = 1.35 
Semi-Automatic (Gemini): AGEF = 1.15 
Automatic (Apollo) : AGEF = 1.00 
Automatic w i t h  on-board checkout:  AGEF = .95 
Review of t h e  a c t i v i t i e s  performed d u r i n g  t h e  t ime t h e  s p a c e c r a f t  was i n  t h e  
i n d u s t r i a l  a r e a  i n d i c a t e d  t h a t  a  g r e a t  amount of t h e  t ime  was i d l e  t ime  - t h e  
s p a c e c r a f t  was t h e r e  b u t  was n o t  be ing  worked upon. A r e a s o n a b l e  e s t i m a t e  of t h i s  
i d l e  t ime,  based on a v a i l a b l e  d a t a ,  i s  t h a t  40% of t h e  t o t a l  i n d u s t r i a l  a r e a  f low 
t ime was i d l e  t ime. For a n  o p e r a t i o n a l  program, t h e r e  would be  l i t t l e  i d l e  t ime  
and t h e  f low t ime  e q u a t i o n  bezofi~es: 
O p e r a t i o n a l  Uni t  Flow Time - ( 4 1  + 35 AGEF)XN- . I88  
which i s  t h e  e q u a t i o n  used i n  t h e  OCPDM model. 
I n  a d d i t i o n ,  t h e  p re launch  f low t ime  i s  i n f l u e n c e d  by t h e  s i z e  of t h e  v e h i c l e .  
Both t h e  weight  and t h e  l e n g t h  of a v e h i c l e  a f f e c t  t h e  p re launch  f low t i m e ,  b u t  t o  
keep t h e  r e l a t i o n s h i p s  a s  s imple  a s  p o s s i b l e ,  we cons idered  o n l y  l e n g t h  i n  deve lop ing  
a  s i z e  f a c t o r .  The a n a l y s i s  of v a r i o u s  d a t a  developed by t h i s  s t u d y  p e r m i t t e d  
r e l a t i n g  l e n g t h  and t h e  s i z e  f a c t o r  used i n  t h e  c o s t  e s t i m a t i n g  r e l a t i o . n s h i p s .  
It was determined t h a t  t h i s  s i z e  f a c t o r  cou ld  b e  approximated by t h e  r e l a t i o n  
329.68 where L = v e h i c l e  l e n g t h .  
348.48 - L  , 
The c o n f i g u r a t i o n  i r r f luences  t h e  ? re launch  f low tine.  a l s o .  The M2-F2 v e h i c l e  
r e q u i r e s  4% more t ime  t h a n  t h e  b a l l i s t i c  v e h i c l e ,  and upper s t a g e  p r o p u l s i o n  adds  
10% t o  e i t h e r  f low t ime.  Then t h e  f i n a l  r e l a t i o n s h i p  f o r  p re launch  f low t ime  is :  
329*68 ]  [ 4 1  + 35 AGEP] N y N - . 1 8 8  [ l  + .04 (1-BAC)] [ l  + 1 0  USPI [ 348, 48 - 
where: 1 
BAL = B a l l i s t i c  Conf igura t ion  Switch 1 = y e s ,  0  = no 
USP = Upper S t a g e  P r o p u l s i o n  Switch 1 = y e s ,  0  = no 
L = S p a c e c r a f t  l e n g t h  
AGEF = AGE f a c t o r  ( s e e  p r e v i o u s  e q u a t i o n )  
NOAL = Number of a t t empted  l aunches  
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6. SUPPORT EQUIPMENT - The preced ing  d i s c u s s i o n  h a s  been p r i m a r i l y  concerned 
wi th  t h e  l o g i s t i c s  v e h i c l e  and c o s t s  i d e n t i f i e d  w i t h  i t .  There  a l s o  a r e  s i g n i f i c a n t  
t o t a l  program c o s t s  i n  s u p p o r t  equipment,  t h e  two c o s t  c a t e g o r i e s  of AGE and 
f a c i l i t i e s .  AGE i s  t h e  ground based equipment t o  e n s u r e  t h e  f l i g h t w o r t h i n e s s  of 
t h e  v e h i c l e ,  s e r v i c i n g  equipment t o  p r e p a r e  i t  f o r  f l i g h t ,  t h e  m i s s i o n  c o n t r o l  
hardware and s o f t w a r e  t o  e n s u r e  t h e  s u c c e s s f u l  e x e c u t i o n ,  and t h e  equipment t o  
hand le  and t r a n s p o r t  t h e  f l i g h t  v e h i c l e  on t h e  ground. F a c i l i t i e s  a r e  t h e  pro- 
d u c t i o n  b u i l d i n g s ,  t h e  t e s t  s t a n d s ,  t h e  launch a r e a  b u i l d i n g s ,  t h e  launch complex, 
t h e  t r a i n i n g  a r e a s ,  and t h e  recovery  s i t e s  n e c e s s a r y  t o  t h e  s u c c e s s f u l  complet ion 
of t h e  m i s s i o n  o r  t h e  l o g i s t i c s  program. F a c i l i t i e s  i n c l u d e  t r a c k i n g  s t a t i o n s  
and t h e i r  equipment and m i s s i o n  c o n t r o l  c e n t e r s  w i t h  t h e i r  equipment. The c o s t s  
of t h e s e  w i l l  b e  d e f i n e d ,  f o r  u s e  i n  t h e  c o s t  model, a f t e r  a c u r r e n t  p a r a l l e l  s t u d y  
has  p rogressed  s u f f i c i e n t l y  t o  p rov ide  equipment q u a n t i t y  requ i rements  t o  t h i s  
s t u d y .  
6 . 1  AGE - The Gemini program u t i l i z e d  semi-automat ic  t e s t  and check-out 
equipment. The S a t u r n  S-IVB program was compat ible  w i t h  t h e  ACE system,  which 
i s  an au tomat ic  checkout sys tem r e q u i r i n g  a  l a r g e  u m b i l i c a l  i n t e r f a c e  s i n c e  t h e  
ACE must be  connected by hard  l i n e  t o  a l l  d e s i r e d  t e s t  p o i n t s .  
An improvement on t h i s  i s  t o  b u i l d  i n t o  t h e  v e h i c l e  t h e  c a p a b i l i t y  f o r  
On-Board Checkout (OBC) w i t h  a  r a d i o  l i n k  t o  t h e  ACE checkout equipment. T h i s  
reduces  t h e  h a r d  l i n e s  and u m b i l i c a l  i n t e r f a c e s  t o  a  minimum, a t  t h e  c o s t  of more 
on-board equipment and a  h i g h e r  u n i t  p r i c e .  
In-house e f f o r t  i n d i c a t e s  a  l i m i t e d  on-board checkout c a p a b i l i t y  cou ld  b e  
des igned i n t o  t h e  v e h i c l e  f o r  weight  of 150 pounds and an e l e c t r i c a l  power load  
of 480 w a t t s .  Th i s  assumes t h a t  a  l a r g e  number of t e s t  p o i n t s  a r e  be ing  moni tored 
i n  t h e  v e h i c l e  f o r  te lemetry  t r a n s m i s s i o n  t o  t h e  ground. The Gemini had about  350 
paramete rs  moni tored.  The OBC would r e q u i r e  moni to r ing  an  e s t i m a t e d  500 paramete rs .  
For ground t e s t i n g ,  t h e  Gemini t e s t i n g  had a c c e s s  t o  over  1500 t e s t  p o i n t s .  A 
s i m i l a r  l e v e l  could  b e  a s s u r e d  by combined use  of OBC and ACE techn iques .  
6 . 2  F a c i l i t i e s  - The major  f a c i l i t i e s  problem i s  p r o v i d i n g  adequa te  l aunch  
s u p p o r t  f a c i l i t i e s  f o r  t h e  s p a c e c r a f t  a t  WTR. ETR f a c i l i t i e s  a r e  more v e r s a t i l e ,  
r e q u i r i n g  on ly  m o d i f i c a t i o n  t o  make them u s a b l e  f o r  any new program. WTR w i l l  
r e q u i r e  new i n d u s t r i a l  a r e a  b u i l d i n g s  and a  f u l l  s e t  of ACE b a s i c  equipment.  A t  
p r e s e n t ,  t h e  ACE system i s  unique t o  ETR. For v e h i c l e s  which must be launched 
from e i t h e r  l o c a t i o n ,  t h e  same b a s i c  checkout sys tem must b e  a t  each l o c a t i o n .  
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The c o s t  o f  t h i s  has  been developed i n  a  c o n c u r r e n t  s t u d y .  
Refurbishment of t h e  v e r y  l a r g e  v e h i c l e s  may r e q u i r e  a  new o r  s e p a r a t e  
f a c i l i t y  l o c a t e d  w i t h  r e g a r d  t o  t r a n s p o r t a t i o n  r a t h e r  t h a n  e f f i c i e n t  u t i l i z a t i o n  
of a l l  equipment.  For example, i t  may be b e t t e r  t o  u t i l i z e  t h e  Michoud f a c i l i t y  
and t h e  M i s s i s s i p p i  T e s t  S i t e  f o r  t h e  r e c e r t i f i c a t i o n  of a  c o n f i g u r a t i o n  I E  o r  I I E  
v e h i c l e .  Costs  of a  new f a c i l i t y  f o r  t h e s e  p a r t i c u l a r  v e h i c l e s  w i l l  b e  based  
upon h i s t o r i c a l  c o s t s  f o r  m o d i f i c a t i o n  of e x i s t i n g  f a c i l i t i e s .  New f a c i l i t y  c o s t s  
w i l l  be based  upon c u r r e n t  c o s t  e s t i m a t e s  a v a i l a b l e  from governmental  a g e n c i e s .  
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